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(2) Related Appeals and Interferences 

There are no related appeals or interferences at this time known to the appellant, 
the assignee or its representative which will directly affect or be directly affected by or 
have a bearing in the Board's decision in the pending appeal. 

(3) Status of the Claims 

Claims 50-69, 91-108, and 128-131 are pending, finally rejected and appealed. 
Claims 1-49, 70-90 and 109-127 have been canceled. 

(4) Status of the Amendments 

An Amendment After Final Rejection was filed on May 19, 2003 which 
attempted to cancel Claims 5 1 and 92 and incorporate the claim limitations thereof into 
the independent claims. Entry was refused in the Advisory Action dated May 28, 2003. 
A Request for Reconsideration and Petition under 37 CFR 1.181 was filed on June 24, 
2003. The Request for Reconsideration was refiised on August 4, 2003. With respect to 
the Petition, a Status Inquiry was filed on October 20, 2003 and a status call was made on 
November 20, 2003. Appellants have not received a decision on the Petition. It is 
assumed that the amendment will not be entered. 

(5) Summary of the Invention 

The invention relates to methods for producing spray-dried particles having 
improved stability of a protein comprising combining a protein, a phospholipid, a co- 
solvent, said co-solvent including an aqueous solvent and an organic solvent, and, 
optionally, a buffer salt, to form a mixture; and spray-drying the mixture to produce 
spray-dried particles comprising a stabilized protein. In Claim 1, for example, the 
particles consist essentially of the stabilized protein, the phospholipid and, optionally, the 
buffer salt, and wherein the phospholipid is present in the particles in an amount of at 
least about 10 weight percent. In Claim 2, for example, the particles consist of the 
stabilized protein, the phospholipid and, optionally, the buffer salt. 
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(6) Issues 

The issue on appeal is whether the examiner has established a prima facie case of 
obviousness over Durrani. 

(7) Grouping of Claims 

Claims 51, 53, 56, 57, 62-64, 92, 94, 97, 98, 102-104 and 128-131 do not stand or 
fall together with the remaining claims. 

(8) Argument 

(a) The Rejection 

Claims 50-69, 91-108 and 128-131 are rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Durrani et al ("Durrani). In support of the rejection the 
Examiner states: 

Durrani discloses a process to directly spray dry a 
drug/lipid powder composition comprising preparing an 
aqueous solution containing a drug and a lipid containing 
ethanol solution. The mixture is then spray dried to get 
particles (p 40, claim 1). Durrani further teach that the drug 
may be selected from a group which includes insulin. . . . 
Durrani further teaches that the lipid may be selected from the 
group consisting of phosphatidylglycerol. . . . Lastly, Durrani 
teach that the diameter of the resulting particles is between 0.1 
and 20 microns (p 14, 1 30),... 

One of ordinary skill in the art would have been motivated 
to make a spray dried composition of a drug and a lipid based 
on the generic claim of Durrani. The expected result would be 
a stable spray dried powder formulation. Therefore, this 
invention as a whole would have been prima facie obvious to 
one of ordinary skill in the art at the time the invention was 
made. 

(b) The Rebuttal 

Claims 50-69, 91-108 and 128-131 are directed to subject matter not embraced by 
the teachings of the cited reference. In addition to the arguments previously made, which 
are incorporated by reference herein in their entirety. Applicants would like to emphasize 
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that the present invention teaches methods for producing particles having properties and 
formulations neither disclosed nor suggested by Durrani. 

According to MPEP §2142, to establish a prima facie case of obviousness, three 
basic criteria must be met. First, there must be some suggestion or motivation, either in 
the reference itself or in the knowledge generally available to one of skill in the art, to 
modify the reference or to combine the teachings of the reference to teach the invention. 
Second, there must be a reasonable expectation of success in practicing the invention. 
Finally, the prior art reference must teach or suggest all the claim limitations. Durrani 
fails on all three criteria. 

The present invention, as claimed, is directed to methods of producing protein 
containing particles in which the protein has improved stability. The particular problems 
associated with protein stability in aqueous solutions are described in the instant 
application. For example, the spray drying of proteins can result in materials that are 
thermally degraded upon processing. There can be a detrimental effect of protein 
degradation at the air-liquid interface of the droplets in the spray. The problems 
associated with protein stability can be solved by producing the protein particles 
according to the methods of the invention. 

In contrast, Durrani is not concerned with, and does not address, the stability of 
any drug in any resulting spray-dried powder from Durrani's method. Even if it could be 
inferred that Durrani addresses the stability of the drug, Durrani does not address the 
stability of a protein drug in a resulting spray-dried powder. Durrani is simply not about a 
method for producing spray-dried particles comprising a stabilized protein or peptide 
wherein the particles consist essentially of the stabilized protein, or peptide, the 
phospholipid and, optionally, the buffer salt; and wherein the phospholipid is present in 
the particles in an amount of at least about 10 weight percent. 

Rather, Durrani is concerned with preparing drug/lipid powders effective to form 
liposomes with high drug encapsulation upon rehydration of the dried powder particles 
(page 4, lines 11-15). Therefore, the generic claim of Durrani provides no suggestion or 
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motivation for the ordinarily skilled artisan to select the specific components (and only 
those components) of the claimed particles with improved protein stability. Given that 
Durrani contains no specific examples directed to particles containing proteins, the 
ordinarily skilled artisan does not have a reasonable expectation of success of producing 
protein particles with improved stability. 

Durrani describes an improved method for direct spray-drying a drug/lipid 
composition to produce a powder which forms liposomes upon rehydration (ex vivo or in 
vivo) that is essentially equivalent to that achieved by previous methods of spray-drying a 
drug/lipid composition which required the preformation of a liposome encapsulated drug 
suspension prior to spray-drying the liposome encapsulated drug suspension. Durrani 
teaches that the improved method alleviates the prior art need to preform liposome 
encapsulated drug suspensions while producing equivalent powders, and goes on to 
describe the ingredients and steps required to produce such powders. Therefore, there is 
no motivation or suggestion to use the methods of Durrani to overcome the obstacles 
involved with the spray-drying of proteins or which would direct the ordinarily skilled 
artisan to modify the cited generic claim to reach Appellants' claimed invention. 

As discussed above, Durrani does not address any of the issues associated with 
protein stability, but rather describes a method of producing liposomes which is stated as 
having applicability to a range of therapeutics. The only working examples in Durrani 
teach particles which include, not a protein (or a peptide), but rather albuterol sulfate. 
Durrani never addresses the issue of protein stability, but rather, Durrani limits his 
teachings to a method for achieving the liposomal encapsulation of a drug. Therefore, the 
ordinarily skilled artisan searching for a method to produce particles with improved 
protein stability would not be provided a reasonable expectation of success in practicing 
the claimed methods by the teachings contained in the cited generic claim of Durrani. 

The Examiner infers that improved protein stability is an inherent result of the 
methods of Durrani, stating that since "Durrani discloses the same components for the 
spray dried particles. . .that the protein integrity and tap density are inherent 
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characteristics, and would be the same as those claimed by applicant. ..." However, the 
doctrine of inherency does not apply here where the prior art products are not "identical 
or substantially identical". In re Best, 195 USPQ 430 (CCPA 1977). The products 
specifically described by Durrani are directed to powders that do not contain proteins and 
contain additional components that facilitate liposome formation. The products 
specifically described by Durrani (which contain small organic molecules), by definition, 
cannot possess improved protein stability. Thus, the Examiner is applying the doctrine of 
inherency, not to the products specifically described by Durrani, but those that fall within 
a broad generic disclosure. The doctrine of inherency simply does not reach products 
that are merely generically described. Indeed, the Examiner's position is wholly 
inconsistent with the long and accepted practice that improvement and selection 
inventions that fall within the generic disclosure of a reference can support a patent. 

Further, Durrani fails to teach or suggest additional claim limitations. Claims 50- 
69, 91-108 and 128-131 are directed to a method for producing spray-dried particles 
having improved stability of a protein or peptide comprising combining a protein or 
peptide, a phospholipid and, optionally, a buffer salt and a co-solvent or an organic 
solvent, and spray drying the resulting mixture to produce spray-dried particles 
comprising a stabilized protein or peptide wherein the particles consist essentially o/the 
stabilized protein, or peptide, the phospholipid and, optionally, the buffer salt; and 
wherein the phospholipid is present in the particles in an amount of at least about 10 
weight percent. Claims 51 and 92 require that the particles consist of these three 
ingredients, not allowing additional components. 

Durrani is interested in a method for preparing a powder which, upon rehydration, 
yields liposome encapsulated drug at a comparable percent encapsulation to spray-dried 
preformed liposomes. All working examples presented in Durrani specifically teach 
particles which include, in addition to albuterol sulfate and lipid(s), other ingredients such 
as tocopherol, cholesterol and fi-eon. Tocopherol is described as "a drug-protective and 



Page 6 of 9 



Application No.: 09/383,054 
Appeal Brief 

lipid-protective agent" (page 9, lines 20-21). These components are excluded from the 
present methods. 

The Examiner dismisses this argument and relies upon the fact that Claim 1 of 
Durrani does not recite these additional excipients. Claim 1 requires that the composition 
contain a "lipid". The Examiner is reading more into this language than is there. It does 
not state that Durrani taught compositions which consist or consist essentially of protein 
and phospholipids and an optional buffer salt. The reference, taken as a whole, is plain in 
its teachings. Additional excipients that facilitate liposome formation are desired. There 
is no teaching that good or even adequate results are obtained by eliminating all 
excipients that facilitate liposome formation. 

As exemplified by Weiner et al ("Liposomes as a Drug Delivery System", Drug 
Development and Industrial Pharmacy, 15(10): 1523-1554(1989)) (enclosed herewith), 
the production and use of liposomes as a drug delivery system is a complex and distinct 
art -with its own unique concerns and obstacles. Weiner et al describe the properties of 
liposomes, how liposomes are prepared and how they have been, and continue to be, 
adapted to efficiently and safely encapsulate a drug. Weiner et al describe the various 
types of lipids that can be used to generate liposomes and the benefits and disadvantages 
of each (pages 1525-1529). Furthermore, Weiner et al go on to state that "the internal or 
trapped volume and encapsulation efficiency greatly depends on liposomal content, lipid 
concentration, method of preparation and drug used" (page 1532, last paragraph). Weiner 
et al teach the importance of the role of cholesterol in the formation of liposomes, the 
encapsulation of drugs and the resulting stability of the liposomes (page 1527, first 
paragraph). The teachings of Weiner are consistent with the teachings of Durrani, which 
stresses the importance of the types of lipids used in the formulation and the addition of 
drug and lipid containing agents such as cholesterol and tocopherol. 

Thus, Durrani includes in its particles additional ingredients which materially 
affect the basic and novel characteristics of the claimed invention. Applicants respectfully 
submit that Durrani does not teach, suggest or recognize the possibility of preparing spray 
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dried particles comprising a stabilized protein (or peptide) which consists essentially of 
the protein, phospholipid and, optionally, the buffer salt of the present claims. 

Even if these additional components are considered to fall within the scope of the 
Claim 50, Claims 51 and 92 clearly do not provide for these components. 

In Claims 128-131, a buffer salt is required. Durrani specifically states that "the 
aqueous solution be free of phosphate salts" (page 11, line 15). The particles of the 
claimed invention have no such restriction and can be prepared using phosphate salts (see 
Example 2). Indeed, such salts are required in Claims 128-131. Accordingly, the 
properties of the Durrani particles which necessitate that the aqueous solution be 
"phosphate free" simply do not exist in the particles of the instant invention and teaches 
away from the invention. 

With respect to Claims 62-64 and 102-104, the claims require a specific range of 
tap densities. This too the Examiner asserts is generically taught by Durrani because 
Durrani does not teach any tap density at all and it is an inherent feature. Tap density is a 
physical characteristic of the powder. As can be seen from Durrani's examples, the 
physical characteristics change from run to run. Durrani's Table 2, for example, shows 
that some powders are sticky and some are free flowing. Example 1 of the present 
specification reports that the tap densities ranged between 0.02 and 0.2 g/cc. Clearly, it is 
not an inherent feature of the formulation alone. Thus, the Examiner's assertion is 
incorrect. There is no reason in Durrani to manufacture compositions with the 
specifically recited materials and the specifically recited tap densities. It is absurd for the 
Examiner to point to Durrani's failure to teach the claim limitation to support the 
rejection. Even if the Examiner asserts that all spray-dried products must inherently 
possess a tap density of less than 0.4 g/cc (Claim 62), the evidence of record clearly 
establishes that this is untrue of the lower tap densities. Thus, Claims 63, 64, 103 and 
104 are separately patentable. 

With respect to Claims 53 and 94, which limit the claims to human growth 
hormone, there is no motivation to specifically choose the formulation to consist 
essentially of hOH, a phospholipid (in an amount of at least about 10%) and an optional 



Page 8 of 9 



Application No.: 09/383,054 
Appeal Brief 

buffer salt, with an expectation of achieving good to excellent hGH stability. Certainly, 
the Examiner has pointed to none. 

With respect to Claims 56, 57, 97, and 98, the specific stability to be achieved by 
the protein is recited. Obviously, Durrani does not teach this result. Further, the result is 
not an inherent feature of Durrani or spray drying as a whole. Thus, these claims are 
separately patentable. 

(9) The Conclusion 

Having established that the Examiner has failed to establish a prima facie case of 
obviousness, Appellants request reversal of the rejection and allowance of the 
application. 



Respectfully submitted, 



ELMORE CRAIG, P.C. 




OH;olyn.S.£bA^ 
Registration No. 37,567 
Telephone: (978) 251-3509 
Facsimile: (978)251-3973 



Chelmsford,. MA^Ol 863 
Dated: l£mU3 
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PENDING CLAIMS 

l.to49. Cancelled 

50. (Previously Amended) A method for producing spray-dried particles having improved 
stability of a protein comprising: 

(a) combining a protein, a phospholipid, a co-solvent, said co-solvent including an 
aqueous solvent and an organic solvent, and, optionally, a buffer salt, to form a 
mixture; and 

(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
protein; 

wherein the particles consist essentially of the stabilized protein, the phospholipid and, 
optionally, the buffer salt, and wherein the phospholipid is present in the particles in an 
amount of at least about 10 weight percent. 

5 1 . (Previously Added) The method of Claim 50 wherein the spray-dried particles consist of 
the protein and the phospholipid. 

52. (Previously Added) The method of Claim 50 wherein the phospholipid is selected from 
the group consisting of phosphatidylcholines, phosphatidylethanolamines, 
phosphatidylglycerols, phosphatidylserines, phosphatidylinositols and combinations 
thereof 

53. (Previously Added) The method of Claim 50 wherein the protein is human growth 
hormone. 

54. (Previously Added) The method of Claim 50 wherein the protein is present in the spray- 
dried particles in an amount ranging from about 1 to about 90 weight %. 



55. 



(Previously Added) The method of Claim 50 wherein protein stability is measured by 
SEC-HPLC. 
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56. (Previously Added) The method of Claim 50 wherein the spray-dried particles retain at 
least about 70% protein integrity when stored at about 25°C and about 60% relative 
humidity conditions for six weeks. 

57. (Previously Added) The method of Claim 50 wherein the spray-dried particles retain at 
least about 50% protein integrity when stored at about 40°C and about 75% relative 
humidity conditions for six weeks. 

58. (Previously Added) The method of Claim 50 wherein the protein is a therapeutic, 
prophylactic or diagnostic agent. 

59. (Previously Added) The method of Claim 50 wherein the solute concentration in said 
mixture is at least 0.1 weight/volume %. 

60. (Previously Added) The method of Claim 50 wherein the co-solvent includes an alcohol. 

61 . (Previously Added) The method of Claim 50 wherein the organic solvent is present in 
the co-solvent in a concentration of at least 50 volume %. 

62. (Previously Added) The method of Claim 50 wherein the spray-dried particles have a tap 
density less than about 0.4 g/cm^. 

63. (Previously Added) The method of Claim 62 wherein the spray-dried particles have a tap 
density less than about 0.1 g/cm^. 

64. (Previously Added) The method of Claim 63 wherein the spray-dried particles have a tap 
density less than about 0.05 g/cm\ 

65. (Previously Added) The method of Claim 62 wherein the spray-dried particles have a 
median geometric diameter of between about 5 microns and about 30 microns. 
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66. (Previously Added) The method of Claim 62 wherein the spray-dried particles have an 
aerodynamic diameter of between about 1 micron and about 5 micron. 

67. (Previously Added) The particles produced by the method of Claim 50. 

68. (Previously Added) A method comprising administering to the respiratory tract of a 
patient in need of treatment, prophylaxis or diagnosis an effective amount of the spray- 
dried particles produced by the method of Claim 50. 

69. (Previously Amended) A method for producing spray-dried particles having improved 
stability of a peptide comprising: 

(a) combining a peptide, a phospholipid, a co-solvent, said co-solvent including an 
aqueous solvent and an organic solvent, and, optionally, a buffer salt, to form a 
mixture; and 

b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
peptide; 

wherein the particles consist essentially of the stabilized peptide, the phospholipid and, 
optionally, the buffer salt, and wherein the phospholipid is present in the particles in an 
amount of at least about 1 0 weight percent. 

70. to 90. Cancelled 

91 . (Previously Amended) A method for producing spray-dried particles having improved 
stability of a protein comprising: 

(a) combining a protein, a phospholipid, an organic solvent, and optionally, a buffer 
salt, to form a mixture; and 

(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
protein; 

wherein the particles consist essentially of the stabilized protein, the phospholipid and, 
optionally, the buffer salt, and wherein the phospholipid is present in the particles in an 
amount of at least about 1 0 weight percent. 
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92. (Previously Added) The method of Claim 91 wherein the spray-dried particles consist of 
the protein and the phospholipid. 

93. (Previously Added) The method of Claim 91 wherein the phospholipid is selected from 
the group consisting of phosphatidylcholines, phosphatidylethanolamines, 
phosphatidylglycerols, phosphatidylserines, phosphatidylinositols and combinations 
thereof 

94. (Previously Added) The method of Claim 91 wherein the protein is human growth 
hormone. 

95. (Previously Added) The method of Claim 91 wherein the protein is present in the spray- 
dried particles in an amount ranging from about 1 to about 90 weight %. 

96. (Previously Added) The method of Claim 91 wherein protein stability is measured by 
SEC-HPLC. 

97. (Previously Added) The method of Claim 91 wherein the spray-dried particles retain at 
least about 70% protein integrity when stored at about 25°C and about 60% relative 
humidity conditions for six weeks. 

98. (Previously Added) The method of Claim 91 wherein the spray-dried particles retain at 
least about 50% protein integrity when stored at about 40°C and about 75% relative 
humidity conditions for six weeks. 

99. (Previously Added) The method of Claim 91 wherein the protein is a therapeutic, 
prophylactic or diagnostic agent. 

100. (Previously Amended) The method of Claim 91 wherein the solute concentration in said 
mixture is at least 0.1 weight/volume %. 
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101. (Previously Added) The method of Claim 91 wherein the solvent includes an alcohol. 

102. (Previously Added) The method of Claim 91 wherein the spray-dried particles have a tap 
density less than about 0.4 g/cm^. 

103. (Previously Amended) The method of Claim 102 wherein the spray-dried particles have 
a tap density less than about 0.1 g/cm . 

104. (Previously Amended) The method of Claim 103 wherein the spray-dried particles have 
a tap density less than about 0.05 g/cm^ 

105. (Previously Amended) The method of Claim 102 wherein the spray-dried particles have 
a median geometric diameter of between about 5 microns and about 30 microns. 

106. (Previously Amended) The method of Claim 102 wherein the spray-dried particles have 
an aerodynamic diameter of between about 1 micron and about 5 micron. 

107. (Previously Added) The particles produced by the method of Claim 91 . 

108. (Previously Added) A method comprising administering to the respiratory tract of a 
patient in need of treatment, prophylaxis or diagnosis an effective amount of the spray- 
dried particles produced by the method of Claim 91 . 

109. to 127. Cancelled 

128. (Previously Amended) A method for producing spray-dried particles having improved 
stability of a protein comprising: 

(a) combining a protein, a phospholipid, a buffer salt and a co-solvent, said co- 
solvent including an aqueous solvent and an organic solvent, to form a mixture; 
and 
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(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
protein; 

wherein the particles consist essentially of the stabilized protein, the phospholipid and the 
buffer salt and wherein the phospholipid is present in the particles in an amount of at least 
about 10 weight percent. 

129. (Previously Amended) A method for producing spray-dried particles having improved 

stability of a peptide comprising: 

(a) combining a peptide, a phospholipid, a buffer salt and a co-solvent, said co- 
solvent including an aqueous solvent and an organic solvent, to form a mixture; 
and 

(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
peptide; 

wherein the particles consist essentially of the stabilized peptide, the phospholipid and 
the buffer salt and wherein the phospholipid is present in the particles in an amount of at 
least about 10 weight percent. 

130. (Previously Amended) A method for producing spray-dried particles having improved 
stability of a protein comprising: 

(a) combining a protein, a phospholipid, a buffer salt and an organic solvent, to form 
a mixture; and 

(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
protein; 

wherein the particles consist essentially of the stabilized protein, the phospholipid and the 
buffer salt and wherein the phospholipid is present in the particles in an amount of at least 
about 1 0 weight percent. 

131. (Previously Amended) A method for producing spray-dried particles having improved 
stability of a peptide comprising: 

(a) combining a peptide, a phospholipid, a buffer salt and an organic solvent, to form 
a mixture; and 
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(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
peptide; 

wherein the particles consist essentially of the stabiUzed peptide, the phospholipid and 
the buffer salt and wherein the phospholipid is present in the particles in an amount of at 
least about 1 0 weight percent. 
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Introduction 

Uposomes have shown great potential as a drug deiiveiy system. An assortment 
of molecules, including peptides and proteins, have been incorporated in liposomes, 
which can then be administered by different routes. Various amphiphathic molecules 
have been used to form the liposomes, and the method of preparation can be tailored 
to control their size and morphology. Dmg molecules can either be encapsulated in 
the aqueous space or intercalated into the lipid bilayer; the exact location of a dmg in 
the liposome will depend upon its physicochemical characteristics and the 
composition of the lipids. 

Due to their high degree of biocompatibility. liposomes were initially conceived of 
as delivery systems for intravenous delivery. It has since become apparent that 
liposomes can also be useful for delivery of drugs by other routes of administration. 
The formulator can use strategies to design liposomes for specific purposes, thereby 
improving the therapeutic index of a drug by increasing the percent of drug molecules 
that reach the target tissue, or alternatively, decreasing the percent of drug molecules 
that reach sites of toxicity. Clinical trials now underway utilize Oposomes to achieve a 
variety of therapeutfe objectives including enhancing the activity and reducing toxicity 
of a widely used antineoplastic dnjg (doxorubicin) and an antllungal drug 
(amphotericin B) delivered intravenously. Other dinfcal trials are evaluating the ability 
of liposomes to deliver intravenously immunomodulators (MTP-PE) to macrophages 
and imaging agents ("ilndium) to tumors. Recent studies in animals have reported the 
delivery of water-insoluble driigs into the eye, and the prolonged release of an 
immunomodulator (interferon) and a peptide honnone (calcitonin) from an 
intramuscular depot These trials and animals studies provide evidence of the 
versatility of liposomes. 
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A liposome is defined as a structure consisting of one or more concentric spheres 
Of iip^dbilayers separated by water or aqueous buffer compartments (Fig i) These 
sphencal structures can be prepared with diameters ranging from 80 nm to 100 ^tm 
When phospholipids are dispersed in an aqueous phase, hydration of the polar head 
groups of the lipid results in a heterogeneous mixture of structures, generally referred 
to as vesicles, most of which contain multiple Hpid bilayers fomiing concentric 

rrnr^toTirr.T ''^ ''"^"^ ^ ^"^hami and are now 
refeired to as multilamellar vesicles (MLVs). Sonication of these Upid dispersions 
resutts m size reduction of these liposomes to vesicles containing only a sTngle bllayer 
«nt d.ameters ranging from 25-50 nm. These stmctures are referred^ 
unilamelter vesides (SUVs). Since MLVs and SUVs have cert^n limitations as mode, 
membrane systems and as drug defivery systems, a number of teboratories have 
developed single bilayer liposomes which exhibit a size range of 100-500 nm in 
diameter. These vesides are referred to as large unilamellar vesicles (LUVs) The 
nomenclature describing liposomes can be confusing since liposomes have been 

th^^ltl^' f °' '"^^"'^ S"^)- 0^ ^ a ^"notion of 

the method of preparation (e.g.. REV. FPV. EIV) or as a fundion of size (e.g.. LUV. 
SUV). The following are examples of frequently used nomendatures: 
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TABLE 1 



Examples of Nomenclature Used to Describe Liposomes. 



T7PE OFVFfflO|[= 
Small. Sonicated Unilamellar 
Large, Vortexed Multilamellar 
Large Unilamellar 
Reverse Phase Evaporation 
French Press 

Ether Injection 



TERM USED 



SUV 
MLV 
LUV 
REV 
FPV 
ElV 



APPRQX, SIZE (urn) 



0.5 

0.05 

0.02 



0.025-0.05 
0.05-10 



MATERIALS USED IN UPOSOME PREPARATION 



The lipids most commonly used to prepare liposomes are shown in Hg. 2. 

PhpsphOliPids: Glycerol containing phospholipids are by far the most commonly used 
component of liposome fonmulations and represent more than 50% of the weight of 
lipid present in biological membranes. The general chemical structure of these types 
of lipids is exemplified by phosphatidic add. The "backbone" of the molecule resides 
in the glycerol moiety. At position number 3 of the glycerol molecule the hydroxyl is 
esterifiod to phosphoric add (hence the name glycerolphosphoRpids). The hydroxyls 
at positions 1 and 2 are usually esterified with long chain fatty adds giving rise to the 
Opidic nature of these molecules. One of the remaining oxygens of phosphoric acids 
may be further esterified to a wide range of organic alcohols induding glycerol, 
choline, ethanolamine, serine and inositol. The phosphate moiety of phosphatidic 
add carries a double negative charge only at high pH, The pK values for the two 
oxygens are 3 and about 7, At physiologically relevant pH values this molecule 
presents more than one net negative charge, but not quite 2. The most abundant 
glycerol phosphatides in plants and animals are phosphatidylcholine (PC), also called 
lecithin, and phosphatidylethanolamine (PE), sometimes referred to as cephalin. 
These two phosphatides constitute the major stmctural component of most biological 
membranes. In phosphatidylserine (PS),the phosphoric add moiety of phosphatidic 
add (PA) is esterified to the hydroxyl group of the amino add L-serine, and in 
phosphatidylinositol (PI) to one of the hydroxyls of the cydic sugar alcohol inositoL In 
the case of phosphatidyigtycerol (PG), the alcohol that is esterified to the phosphate 
moiety is glycerol. Table 2 shows the fatty add composition of two common 
phosphatidylcholines, one extracted from egg yolk and the other from soy bean oil. 
Notice the difference in the degree of unsaturation between egg and soy PC. Soy PC 
contains a greater proportion of unsaturated bonds and is thus more susceptible to 
peroxidation. 
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FIGURE 2 

Chemical stmctures of lipids commonly used to prepare liposomes. 



-TABLE 2 

Fatty add composition of two common phosphatidylcholines, one extracted from egg 
yolk and the other from soy bean oil. 



Fattv Add Comnosftion 


Egg PC. 

32 

1.5 
16 
26 
13 
<0.3 
4.8 
4.0 


Sov PC 


16.-0 
16:1 
18:0 
1«:1 
182 
185 
20:4 
22:6 


Palmitic 

Palmitoleic 

Stearic 

Oleic 

Linoleic 

Unolenic 

Arachidonic 

Dodosapentaenoic 


12 
<0.2 

2.3 
10 
68 

5 
<0.1 
<0.1 
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Steroids : The steroid cholesterol and its derivatives are quite often lrK:luded as 
components of liposomal membranes. Cholesterol is abundant in animal tissues and 
is primarily localized in cell membranes. Its inclusion in liposomal membranes has 
three recognized effects: (i) increasing the fluidity or microviscosity of the bilayer; (ii) 
reducing the permeability of the membrane to water soluble molecules; and (^^^^^^^^ 
stabilizing the membrane in the presence of biological fluids such as plasma this 
latter effect has proven useful in formulating liposomes for dnjg delivery applications 
which use the intravenous route of administration. Liposomes without cholesterol are 
known to interact rapidly with plasma proteins such as albumin, transfenin and 
macroglobulins. These proteins tend to extract bulk phospholipids from liposomes 
thereby depleting the outer monolayer of the vesicles leading to physical instability. 
Cholesterol appears to substantially reduce this type of interaction. Cholesterol has 
been called the "mortar* of bilayers because, by virtue of its molecular shape and 
solubility properties, it fills in empty spaces among the phospholipid molecules, 
anchoring them more strongly into the structure. 

Mfitabollc F^tP nf Rilaver Fnrminq Lipids : An attribute of liposomes that translates into ' 
unusually high in vivo tolerance is the fact that the stmctural components of the 
system, phospholipids and cholesterol, are treated no differently than biological 
membrane lipids. In the body they are broken down by enzyme systems into natural 
intermediates like glycerol phosphate, fatty adds, ethanolamine, choline and 
acyl-Co-A and either metabolized further to provide energy, or enter a lipid pools 
which is drawn upon to build new lipids which replace those that naturally tum over in 
biological membranes. Phospholipids are hydrolyzed in vivo by specific 
phospholipases (Fig. 3). Phospholipases can be used in vitro to modify natural lipids. 
For example, phospholipase A-2 isolated from snake venom has been used to 
produce lysophosphatidyteholine from natural phosphatidylcholine. Phospholipase D 
is being used commerdally to produce "semisynthetic" PS. PA and PG from PC. PC 
dissolved in ether is added and the two phases emulsified. The enzyme catalyzes 
head group exchange. The rates and yieWs of the conversion are dependent on the 
activity of the enzyme and the molar excess of the akx)hol to be exchanged for chbline. 

The liver serves both as the chief source and chief organ for the disposal of 
cholesterol. A major portion of the cholesterol removed from plasma lipoproteins by 
the liver is excreted in the bile. 

Synthetic Phosoholioids : Generally used saturated phospholipids include 
dipalmitoylphosphalidyteholine (DPPC). distearoylphosphatidylcholine (DSPC). 
dipalmitoylphosphatidyiethanolamine (DPPE), dipalmitoylphosphatidylserine (DPPS). 
dipalmltoylphosphatidic add (DPPA) and dipalmitoylphosphatidylglycerol (DPPG). 
Several unsaturated phospholipids have also been used for preparing liposomes; 
these include dioleoylphosphatidyk:holine (DOPC) and dioleoylphosphatidylglycerol 
(DOPG). 
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suppliers and liposome product developers include the following: 

a. Quantities, purities and pharmaceutical attributes of lipids required for 
liposome products; 

b. Detailed specifications for each lipid, including standardized nomenclature 
and analytical quality control procedures; 

c. Introduction of the above into official compendia; and 

d. Expansion/centralization of a data base on the stability and safety of key 
lipids. 



Why Liposomes are formed 



Lipids capable of forming liposomes (or other colloidal structures) exhibits a dual 
chemical nature. Their head groups are hydrophilic (water loving) and their fatty acyl 
chains are hydrophobic (water hating). It has been estimated that each zwitterionic 
head group of phosphatidylcholine has on the order of 15 molecules of water weakly 
bound to it, which explains its overwhelming preference for the water phase. The 
hydrocarbon fatty add chains, on the other hand, vastly prefer each others company 
to that of water. This phenomenon can be understood in quantitaBve terms by 
considering the critical micelle concentration (cm.c.) of PC in water The cm.c. is 
defined as the concentration of the lipid in water (usually expressed as moles per liter) 
above which the lipid forms either micelles or bilayer structures rather than remaining 
in solution as monomers. The cm.c. of dipalmttoylphosphatidylcholine has been 
measured by Smith and Tanford^ and found to be 4,6x1 Q-fo m in water. This value is 
in agreement with those obtained for similar amphiphiles. Clearly, this is a very small 
number indicating the overwhelming preference of this molecule for a hydrophobic 
environment such as that found in the core of a micelle or bilayer. 

The large free energy change t>etween a water and a hydrophobic environment 
(»15.3 Kcal/mole for dipalmitoylphosphatidylcholihe and -13.0 Kcal/mole for 
dmyristoylphosphatidytehoUne) explains the overwhelming preference of typical lipids 
to assemble in bilayer structures excluding water as much as possible from the 
hydrophobic core in order to achieve the lowest free energy level and hence the 
highest stability for the aggregate structure. It is also clear from these thermodynamic 
considerations that bilayer structures do not exist as such in the absence of water 
because rt is water that provides the driving force lor lipid molecules to assume a 
bilayer configuration. 

A high degree of surface activity of a given molecule does not guarantee It ability to 
form bilayer structures in the presence of water. The type of physical structure they 
attain under a given set of conditions will depend on their interactions with neight)or1ng 
molecules, their irrteraction with water and most importantly, whether the surface area 
of the polar head group, upon hydration, is smaller or larger than the surface area of 
the hydrophobic group (Fig. 4). For example, phosphatidylcholine, sphingomyelin, 
phosphatidylserine, phosphatidyllnosltol and phosphatidylglycerol have a preference 
for bilayer structures (liposomes). On the other hand, lysophospholipids form micelles 
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Diagrammatic representation the various sites in the liposome available for dnjg 
entrapment Source: Gregoriadis. G. and Allison. A.C. (1980) Lriwsomes /n B/o/oa/^^ 
Systems, John Wiley & Sons, Ltd. New York, p. 89. 



and phosphatidylethanolamines and negatively charged phospholipids under certain 
conditions (low pH and in the presence of dwalent cations) form hexagonal (H||) 
stnjctures. It should be pointed out that under proper conditions, relatively large 
amounts of lipids which normally tend to form hexagonal or micellar structures can be 
successfully incorporated into liposomes. 



CHARACTERIZATtON OF LIPOSOMES- 

Factors Affecting Drug Fntraoment! The amount and location of a dmg within a 
liposome is dependent on a number of factors. The location of drug within a fiposome 
is based on the partition coefficient of the dojg beh¥een aqueous compartments and 
lipid bilayers. and the maximum amount of drug that can be entrapped within a 
Uposome is dependent on its total solubility in each phase. For example, very little 6- 
mercaptopurine can be encapsulated in liposomes because this dmg has limited 
solubility in both polar and non-polar soh^ents. The total amount of liposomal lipid 
used and the internal volume of the liposome will affect th total amount of non-polar 
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and polar drug, respectively, that can be loaded into a liposome. Efficient capture will 
depend on the use of drugs at concentrations which do not exceed the saturation limit 
of the drug In the aqueous compartment (for polar drugs) or the lipid bilayers (for non- 
polar drugs). The method of preparation can also affect drug location and overall 
trapping efficiency. Rg. 5 diagrammatically represents the various sites in the 
liposome available for drug entrapment 

Incorporation of drugs that have intemiediate partition coefficients (significant 
solubility m both the aqueous phase and the bilayer) may be undesirable If 
liposomes are prepared by mixing the dmg with the lipids, the drug will eventually 
partrtion to an extent depending on the partition coefficient of the drug and the phase 
volume ratio of water to bilayer. Also, the rate of partitioning will be a function of Its 
drffus^ty in each phase. Release rates (a measure of instability) are highest when the 
dmg has an intemiediate partition coefficient. Bllayer/aqueous compartment partition 
coefficients are usualV estimated by detemiining their organic solventAwater (e g 
octanolAvater) partition coeffidents. They can also be detemtined precisely by a" 
method described by Bakouche and GeriierS which is based on the physical 
separation of the aqueous and bilayer phases by ultracentrifugation after mechanical 
(ultrasonics at low temperatures) disruption of the liposomes followed by ana^sis of 
each phase for dmg. ' 
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'ntgmal Vpinmp m Enwpffl.imion FffiHpnry : These two parameters are used to 
descnbe entrapment of water soluble drugs in the aqueous compartments of 
liposomes. The internal or trapped or capture volume is expressed as aqueous 
entrapped volume per unit quantity of fipid (jii/^mol or jU/mg). It is detemiined by 
entrapping a water soluble-marker such as 6sart)oxyfluofesceln. i^c or 3H-glucose or 
sucrose and then lysing the yposomes by the use of a detergent such as Triton X-100 
Deienninat.on of the amount of mari<er that was trapped enables one to backK5alculate 
he volume of entrapped water. 77,e encapsulation efficiency describes the percent of 
the aqueous phase (and hence the percent of water-soluble dmg) that becomes 
entrapped during liposome preparation. The ramaining dmg remains outside of the 
Jposome and is therefore "wasted-. Encapsulation efficiency is usually expressed as 
% entrapmenVmg Opid. ' ^^pressea as 

The internal or trapped volume and encapsulation efficiency greatly depends on 
hposoma content, lipid concentration, method of preparation and dmg used Some 



Liposome 
Tym ■ 
SUV 
MLV 
REV 



Internal Volume 
ul/iimni npiri 

<0.5 
>4 
>10 



Entrapment Efficiem^ 

%/mo lipj^ 

<1 
5-15 
35-65 



ba: 
opi 
ba: 

m( 
re( 
m( 
ob 
an 
be 
it I 
sa 

si I 
1f 



P. 
p. 
p. 
Ti 



LIPOSOMES AS A DRUG DELIVERY SYSTEM 



1533 



Incorporation of charged lipids into bilayors increases the volume of the aqueous 
compartments by separating adjacent bilayers due to charge repulsion resulting in 
increases in trapped volume. It should be pointed out that for hydrophobic drugs, 
entrapment efficiency usually approaches 100% almost irrespective of liposomal type 
and composition. 

Lamellarity: The average number of bilayers present in liposomes can be found by 
freeze-fracture electron microscopy and 3ip-NMa In the latter technique, the signals 
are recorded before and after the. addition of nonpermeable broadening agent such as 
Mn2* Manganese ions interact with the outer leaflet of the outemiost bilayer. Thus, a 
50% reduction in NMR signal means that the liposome preparation is unilamellar and 
25% reduction in the intensity of the original NMR signal means there are 2 bilayers in 
the liposomes^. 

Size and Size Distribution: The average size and size distribution of liposomes are 
important parameters with respect to physical properties and biological fate of the 
liposomes and their entrapped substances. There are a number of methods used to 
determine this parameter, but the most commonly used methods are: 

a. Light f^frttPrinq- There are a variety of techniques available to size liposomes 
based on light scattering. The popularity of this method depends on its ease of 
operation and the speed by which one can obtain data The newer instruments are 
based on dynamic laser light scattering. 

If the liposomes to be analyzed were monodisperse, light scattering would be the 
method of choice; unfortunately, most preparations are heterogeneous, and they 
require an accurate estimation of their size-frequency distributions. Light scattering 
methods rely on algorithms to determine particle size distributions and the results 
obtained can t>e very misleading. Some complex algorithms have been developed in 
an attempt to deal with this problem. Furthermore, such methods can not distinguish 
between a large paitide and a flocculated mass of smaller particles. Most importantly, 
it may is necessary to remove any micron-sized particles that are present in the 
sample prior to analysis. 

The difficulty in interpreting particle size data can be demonstrated by taking a 
simple example of a dispersion comprised of 97% unilamellar vesicles with a radius of 
1 5 nm and 3% multilamellar vesicles with a rac£us three times greater (45 nm): 



Percent Particles 

Percent Surface Area 

Percent Total Volume 

Tme Statistical Average Radius 

Instrumental Average Radius 



15 nm Partjrif?ft 

97 
78 
54 



45 nm Pflrtj^7|QR 



3 
22 
46 



15.9 nm 
25.3 nm 
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Thus. 3% of the particles comprise almost one-half the volume of liposomes. Of 
course, the same problem of data analysis occurs with other disperse systems such as 
emulsions and suspensions. 

b. Light Microscopy: This method can be used to examine the gross size 
distribution of large vesicle preparations such as MLVs. The inclusion of a fluorescent 
probe in the biiayer permits examination of liposomes under a fluorescent microscope 
and is a very convenient method to obtain an estimate of at least the upper end of the 
size distribution. 

c. Negative Stain Electron Microscnpyr This method, utilizing either molybdate or 
phosphotungstate as a stain is the method of choice for size distribution analysis of 
any size below 5 jrni. tt should be used to vaDdate light scattering data that will 
ultimately be used for quality assurance. For accurate statistical evaluation (±5%), one 
should count at least 400 particles and not rely on a single specimen for counting. 

Freeze Fracture Flftrtron Micros^^opy: This method is especially useful for 
observing the morphological staicture of liposomes. Since the fracture plane passes 
through vesicles that are randomly positioned in the frozen section, resulting in 
nonmidplane fractures, the observed profile diameter depends on the distance of the 
vesicle center from the plane of the fracture. Mathematical methods have been 
devised to con-ect for this effect 

For ail of the microscopy procedures used, one should always be on the lookout for 
aggregated particles or floes. 

Application of Double Laver Theory to U't^fiorrfiff}^ Once assembled, liposomes 
behave in much the same way as other charged colloidal particles suspended in water 
or electrolyte solutions. Under conditions where the charge on each particle is weak, 
the electrostatic repulsive force among the partides is also weak, incfBasing the 
opportunity for close approach. Some neutral parttoies tend either to flocculate or 
aggregate and sediment from suspension for this reason. Similarly, two populations of 
liposomes bearing opposite electric charges will aggregate at a rate that is a function 
of the electrostatfc attractive forces among the particles. Particles bearing net negative 
charges may be induced to aggregate strongly in the presence of di- or trivalent 
cations. For example, caWum in the 1-2 mM range will induce nposomes containing 
more than 50 mole% PS to aggregate. These phenomena have dramatic effects on 
the physical stabifity of liposomes and lead to fusion of fiposomes with one another 
resulting in increases in their overall size. Uke aggregation, particle size growth, 
particularty during storage. wouW be undesirable in most products. Fortunately the 
tendency of liposomes to aggregate and fuse can be controlled by the inclusion of 
small amounts of negatively charged lipWs such as PS or PQ or positively charged 
amphiphiles such as stearylamine in the formulation. Knowing the number and the 
sign of changed groups added and the valency and concentration of electrolytes in the 
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Phospholipid gel to liquid crystalline phase transition. Source: Cullis, P. R. and Hope, 
M. J. (1985) "Phydcai Properties and Functional Roles of Lipids in Membranes". In 
Biochemistry of Lipids and Membranes Vance. D, E. and Vance. J. E., Ed.. The 
Benjamin/Cummings Publishing Co.. California, p. 43. 



medium, the magnitude of the electrostatic forces generated by these charged groups 
can be closely approximated using double layer theory. These results can then be 
con-elated with physical stability of liposomes and used to guide formulation efforts. 
The amount of charged component and ionic conditions in a particular liposome 
dosage form can be adjusted to produce a high enough zeta potential to inhibit close 
approach of the vesicles and prevent aggregation. In practice it is usually necessary 
to detenmine empirically the magnitude of the zeta potential required to prevent 
aggregation in a particular system. However, once this has been done, it is possible to 
use the zeta potential as a quality control check to insure that each batch of liposomes 
contains suffident charged groups to avoid aggregation during storage. 

Phase Behavior of UoosnmftS! An important feature of membrane lipids is the 
existence of a temperature-dependent reversible phase transrtion, where the 
hydrocart)on chains of the phospholipid undergo a transformation from an ordered 
(gel) state to a more disordered fluid (fiquid crystalline) state. These changes have 
been documented by freeze-fracture electron microscopy but are most easily 
demonstrated by differential scanning calorimetry (DSC). Hg. 6 illustrates the phase 
transition region for a typical phospholipid. 
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TABLE 3 

Phase transition temperatures of some synthetic phospholipids used to Dreoare 
liposomes. 



UEID CHARGE Tm(°C\ 

Dilauryl Phosphatidylcholine o o 

Dimyristoyl Phosphatidylcholine o 23 

DipalmitoyI Phosphatidylcholine o 4i 

Dimyristoyl Phosphatidylethanolamine 0 48 

DistearoyI Phosphatidylcholine o 58 

DipalmitoyI Phosphatidylethanolamine 0 60 

Dioleoyi Phosphatidylglycerol -i -13 

Dilauryl Phosphatidylglycerol -1 4 

Dimyristoyl Phosphatidylglycerol -1 23 

DipalmitoyI Phosphatidylglycerol -1 41 

DistearoyI Phosphatidylglycerol -1 55 



The physical state of the bilayer profoundly affects the pemieabilrty. leakage rates 
and overall stability of the liposomes. The phase transition temperature (Tm) is a 
function of the phospholipid content of the bilayer. 

By proper admixture of bilayer forming materials, one may design liposomes to 
"melt" at any reasonable temperature. This strategy has been used to deliver 
methotrexate to solid tumors which are heated to the phase transition temperature of 
the custom designed liposomal phospholipids. The phase transition temperature can 
be altered by using phospholipid mixtures or by adding sterols such as cholesterol. 
The Tm value can give good clues as to liposomal stability and pemieability and as to 
whether a dmg is entrapped in the bilayer or the aqueous compartment. 

LIPOSOME PREPARATION METHODS 

Multilam9|lf i rYftSig)98f | VHV) : Multilamellar vesicles are by far the most widely studied 
type of Bposome and, as pointed out by Alec Bangham in 1974, exceptionally simple 
to make. In general a mixture of lipids is deposited as a thin film on the bottom of a 
round-bottom flask by rotary evaporation under reduced pressure. MLVs form 
spontaneously when an excess volume of aqueous buffer is added to the dry lipid 
However, in many cases MLVs have not been rigorously characterized with respect to 
sire, polydispeisity. number of lamellae, encapsulated volume and stability. Due to 
their ease of production many investigators have simply made a preparation of MLVs 
for use in both in vitro and in vivo experiments without taking the time to fully 
characterize them. This has led to a great deal of confusion in the interpretation of 
expenmental results because, as will be explained below, minor changes in the 
method of preparation can lead to major differences in the behavior of liposomes 
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Slow VS. Fast Hydration. Thinkness of the Lipid Him: The time allowed for hydration 
and conditions of agitation are critical in determining the amount of the aqueous buffer 
(or drug solution) entrapped within the intemal compartments of the MLV. For 
example, as pointed out by Szoka and Papahadjopouloss, a similar lipid concentration 
can encapsulate 50% more of the aqueous buffer per mote of lipid when hydrated for 
20 hours with gentle shaking, compared to a hydration period of 2 hours with vigorous 
shaking, despite the fact thai the two preparations exhibit a roughly similar particle size 
distribution, tf hydration time is reduced to a few minutes with vortexing, a suspension 
will exhibit a still lower capture volume and a smaller mean diameter. As pointed out 
by Banghiam^ the hydration and entrapping process is most efficient when the film of 
dry lipid is kept thin. This means that different sized round-bottom flasks should be 
used for different quantities of lipid. Glass beads have been used by some 
investigators to increase the surface area avail^le for film deposition. Thus the 
hydration time, method of suspension of the lipids and the thickness of the film can 
result in markedly different preparations of MLVs. in spite of identical lipid 
concentrations and compositions, and volume of the suspending aqueous phase. 

Effect of Charpod Lipids : The presence of negatively charged lipids such PS. PA. PI or 
PG, or positively charged detergents such as stearylamine will tend to increase the 
interlamellar distance between successive bitayers in the MLV structure and thus lead 
to a greater overall entrapped volume. TTiis is particularly true in tow ionic strength 
buffers or non-electrotytes (such as sucrose) since the electrostatic repulsive forces 
which give rise to the effect are greater under these conditions. Generally about 10-20 
mole percent of a charged species is used although it Is possible to produce MLVs 
from a purely charged lipid such as PS. The presence of charged lipids also reduces 
the likelihood of aggregation foltowing the formation of MLVs. 

Hydration in the Presence of Solvent : MLVs with high entrapment of solutes can be 
produced by hydrating the lipid in the presence of organto solvents. A method 
introduced by Papahadjopoulos^ begins with a two-phase system consisting of oqual 
volumes of petroleum ether containing bilayer forming Gpids and aqueous phase. The 
contents of the tube are emulsified by vigorous vortexing and the ether removed by 
passing a stream of nitrogen gas over the mixture. As the ether is removed in the 
carrier gas, MLVs fomn in the aqueous phase. A similar method was reported by 
Gruner et al.^ except that diethyl ether was used as the solvent, sonication was used in 
place of vortexing and the aqueous phase was reduced to a relatively small 
proportion. Typkxdty the lipids are dissolved in about 5 ml ether and about 0.3 ml of 
the aqueous phase to be entrapped is added and the two phases are emulsified by 
sontoation while a gentle stream of nitrogen gas is passed over the mixture. The 
resulting MLV preparation encapsulates up to 40% of the solvent throughout the 
hydration step, and the concentration of solute molecules is in equilibrium across all 
the bilayers. a feature that is claimed to translate into greater stability to leakage. 
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MLVS Fomifld bv Freeze Drying SUV Disnprsinn^i - a simple method for preparing 
MLVs with high entrapment effidency was developed by Ohsawa et al.8 and Klrby and 
Gregoriadiss. The aqueous phase containing the molecules to be encapsulated is 
mixed with a preformed suspension of SUVs and the mixture freeze dried by 
conventional means. Urge MLVs are fornied when the dry lipid is rehydrated. usually 
with a small volume of distilled water. Encapsulation efficiencies up to 40% have been 
reported for this method. 

Sm all Unilamf?llflrV9Stdftff (m i: The classical methods of dispersing phospholipids 
in water to form optically clear suspensions with a partide weight of about 2x106 
daltons involve various mechanical means and began with the sonication method 
reported in the mid 60'sio followed by refinements introduced by Hamilton and his 
colleagues" and Barenholziz in the mid 70's who employed a high pressure device to 
produce the same effect in larger volumes. These types of SUV dispersions have 
been rigorously charaderized by Huangis and others and shown to consist of rather 
uniform dosed bilayer vesicles of about 25-50 nm diameter. Solvent injedion 
methods have also been devised to produce SUVs. These typically involve the slow 
injedion of a lipid solution in either ethanol or ether into warm water containing a dnjg 
or other mariter to be entrapped. All of these methods are discussed in greater detail 
below. 

Sonlcatfl^f The preparation of sonicated SUVs has been reviewed in detail by 

Banghami*. Briefly, the usual MLV preparation is subsequently sonicated either with 
a bath type sonicator or a probe sonicator under an inert atmosphere (usualV nitrogen 
or argon). Although probe sonication leads to more rapid size reduction of the MLVs. 
degradation of flpids, metal partide shedding from the probe tip and aerosol 
generation can present problems. Bath type sonicators also have disadvantages 
(such as the need to pay greater attention to position of the tube and water level in the 
bath) but temperature can be accurately regulated. Also, the tube containing the 
spedmen is sealed allowing for aseptic operations and fitUe Bkefihood of personnel 
exposure to aerosols. 

French Prftfhfiirft Dispersions of MLVs can be converted to SUVs by passage 
through a small orifice under high pressure. A French Pressure Cell was used by 
Hamilton et al.is for this purpose. MLV dispersions are placed In the Frendi Press and 
extruded at about 20.000 psi at 4«C. One pass through the ceil produces a 
heterogeneous population of vesicles ranging from several microns in diameter to 
SUV size. Multiple extnjsions results in a progressive decrease In the mean partide 
diameter. Following about 4-5 passes, about 95% of the vesicles have converted to 
SUVs as judged by size exdusion chromatography. The resulting vesides are 
somewhat larger than sonicated SUVs ranging in size from 31 5-500 A. The method is 
simple, reprodudble and nondestrodive. However, temperature control is difficult (the 
pressure cell must be allowed to cool between extrusions or the temperature rise may 
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damage the lipids) and the working volumes are relatively small (about 50 ml 
maximum). 

SQiygnt Intectipn Method 

a. Ether Infusion: A method introduced by Deamer and Bangham in 1976^6 
provides a means of making SUVs by slowly introducing a solution of lipids dissolved 
in diethyl ether (or ether/methanol mixtures) into warm water. Typically the lipid 
mixture is injected into an aqueous solution of the material to be encapsulated (using 
a syringe-type infusion pump) ai 55-65'*C or under reduced pressure. Subsequent 
removal of residual ether under vacuum leads to the formation of single layer vesicles. 
Depending on the condition used, the diameters of the resulting vesicles ranges from 
50-200 nm. The usual lipid concentration is about 2 mg/ml ether and about 2 ml of this 
solution are infused into 4 ml of the aqueous phase at a rate of 0.2 ml/min. at 50-60** C. 

b. Ethanol Injection: An alternative method for producing SUVs that avoids both 
sonication and exposure to high pressure is the ethanol injection technique described 
by Batzri and Kom^^ Lipids dissolved in ethanol are rapidly injected into a va^st 
excess of buffer solution fonming SUVs spontaneously. The procedure is simple, rapid 
and avoids exposure of both lipids and the material to be entrapped to harsh 
conditions. Unfortunately, the method ts restricted to the production of relatively dilute 
SUV suspensions. The final concentration of ethanol cannot exceed about 10% by 
volume or the SUVs will not form. Removal of resWual ethanol can also present a 
problem since ethanol forms an azeotrope with water which is difficult to remove under 
vacuum or by distttlation. Various available ultrafiltration apparatus may be used to 
both concentrate the suspension and remove ethanol. however, these procedures 
tend to be slow and expensive to scale up. Another limitation of the method is related 
to the susceptibiBty of various biok>gicaily active macromolecules to inactivation in the 
presence of even low amounts of ethanol. 

Large Unilamellar Vesicles fLUV) and Intermediate Sr7ftd Un ilamellar Vesiri«<; - Urge 
unilamellar vesicles provide a number of important advantages as compared to MLVs 
including high encapsulation of water soluble drugs, economy of lipW and 
reproducible drug release rates. However, LUVs are pertiaps the most difficult type of 
liposome to produce. "Large* in the context of liposomes usually means any structure 
larger than 100 nm; thus large unilamellar vesides refers to vesicles bounded by a 
single bilayer membrane that are above 100 nm in diameter. Some authors have 
refen-ed to liposomes between the sizes of 50-100 nm as "large" but these would be 
more appropriately called intermediate sized. Two primary methods are used to 
produce LUVs, one involving detergent dialysis, the other a sophisticated reverse 
emulsification technique. Intermediate sized single layered vesicles can be generated 
from MLV dispersions by sequential extrusion through small pore size polycarbonate 
membranes under high pressure. A number of other techniques for producing LUVs 
have been reported including freeze thawing, slow swelling in nonelectrolytes. 



. 1340 

WEINER, MARTIN, AND RIAZ 

dehydration followed by rehydration and dilution or dialysis of liniri, in .k 
chaotropicions. Each of these methods ^ re^ Jj^Vsis of ipds .n the presence of 

L UVS Formp<1 hy Vmmm f^mnml : An essentially different anor«»oh ♦« ^ 
dispersions ol pHospho6pi*aM8rgent nbed micsUes a= .h. h . 

ratio Of deoxycholate to phospholipid of 1 i aZll^ 7 ^ '"^'^^ 

dunng passage of the dlsper^on oVer I stht^« 1 

forma^on of unifor. too n^ vesi Jthat rS^i^^^^^^^^ . 
vesicles. '^^any separated from small sonicated 

a BiQjjaasl521: Another promising method for formino recon^^^ 
reported by Gerritsen et a! 21 may also be applicable trm JT^ rnembranes 
in^lves the remov. of a nonionH deterge:r^rn ^-i ZZ"^'"' 
deleigenfptiospholipid mixtures, ras method kh»^ ■ ™" 

to ^ xmon X.100 sele^eV ^^^^rj, • °' 

(-uto.3,„et«o^po.m,o,.spe,^,r:rrjr.':r:.^. 



LIPOSOMES AS A DRUG DELIVERY SYSTEM 



The beads are removed by filtration. The final particie size is determined by the 
conditions used including lipid composition, buffer composition, temperature and. most 
critically, the amount and activity of the beads themselves. 

Reverse Phase Evaporation Technioue (RFK/V LUVs can also be prepared by forming 
a water-in-oil emulsion of phospholipids and buffer In excess organic phase followed 
by removal of the organic phase under reduced pressure (the so called "Reverse 
Phase Evaporation or REV method). The two phases are usually emulsified by 
sonication but other mechanical means have also been used. Removal of the organic 
solvent under vacuum causes the phospholipid-coated droplets of water to coalesce 
and eventually form a viscous gel. Removal of the final traces of solvent results in the 
collapse of the gel into a smooth suspension of LUVs. With some lipid compositions 
the transition from emulsion to LUV suspension is so rapid that the intermediate gel 
phase appears not to form. The method which was pioneered by Szoka and 
Papahadjopoulos in 197822 has been used extensively for applications which require 
high encapsulation of a water soluble dmg. Entrapment efficiencies up to 65% can be 
obtained with this method. The phospholipids are first dissolved in an organic solvent 
such as diethytether, isopropylether or mixtures of two solvents such as isopropylether 
and chloroform. The emulsification is most easily accomplished when the density of 
the organic phase matches that of the buffer (i.e., about 1 ). For this reason, ether 
(density of about 0.7) is often mixed with a solvent of higher density such as 
trichiorotrifluoroethane (density of 1.4) to produce a soh^nt system with a density 
close to water. The aqueous phase containing the material to be entrapped is added 
directly to the phospholipid-soivent mixture. The ratio of aqueous phase to organic 
phase is usually about 1 :3 for ether and 1 :6 for isopropylether-chloroform mixtures. 
Preparations using even greater proportions of organic phase have been reported. 
The two phases are emulsified by sonication for a few minutes and the organic phase 
removed slowly under a partial vacuum produced by a water aspirator on a rotary 
evaporator at 20-30** C. The vacuum is usually maintained at about 500 microns for 
the first few minutes (using a nitrogen gas bleed to lower the vacuum and a gauge fo 
measure the vacuum) and then raised cautiously to fill the aspirator vacuum to prevent 
the ether from evaporating too quickly. A typical preparation contains 60 jimol lipid 
dissoh/ed in 3 ml ether and 1 ml aqueous phase contained in a sealed screw cap tube. 
The mixture is sonicated In a bath type sonicator for about 5 minutes or until a 
homogeneous emulsion is formed. For a quick check to determine if emulsHteation is 
complete, one can interrupt sontoation and allow the tube to stand for about a minute. 
If a dear layer of ether is observed over the aqueous phase, sontealion should be 
continued for an additional period Maximal encapsulation (65%) is obtained when 
the ionk: strength of the aqueous phase is tow. The method has been used to 
encapsulate both small and large molecules. Biotogicaily active macrarnolecules 
such as RNA and various enzymes have been encapsulated without loss of activity. 
The principal disadvantage of the method is the exposure of the material to be 
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b. Removal of Chaotrooic Ions: Oku and MacDonald^s developed a method of 
forming giant single lamellar vesicles with diameters in the range of 10-20 microns by 
removal of sodium trichloroacetate by dialysis or dilution from a solution containing 
egg phospholipids and molar concentrations of sodium trichloroacetate. The yield of 
giant vesicles was critically dependent on the starting concentration of the chaotropic 
ion and temperature, inclusion of a freeze thaw step reduced the required 
concentration of trichloroacetate to about 0.1 M. The giant liposomes apparently were 
formed from concentrations of the ion which induced the transformation of 
phospholipids from the lamellar phase to the micellar phase. Other chaotropic ions 
were also shown to be effective, including urea guanidine-HCL 

c. Freeze/Thaw : A method for the reconstitution of membrane proteins based on 
rapid freezing of sonicated phospholipid mixtures followed by thawing and brief 
sonication was originally described by Kasahara and Hinkle^e. In 1981 , Pick27 
reported that vesicles formed by this simple procedure exhibited specific trapping 
volumes of up to 10 ^1 per ^mole lipid with encapsulation efficiencies of 20-30%. 
Formation of large liposomes by this technique probably results from the fusioa of 
small vesicles during freezing and/or thawing of the suspension of small vesicles. This 
type of fusion is strongly Inhibited by increasing the ionic strength of the medium, e.g., 
adding sucrose, and by increasing the lipid concentration. For an unexplained 
reason, pure phosphatidylcholine vesicles do not appear to be good candidates for 
this type of fusion induced growth, however. Ohu and MacDonaW^s have shown that 
freeze/thawing of SUVs prepared in high concentrations of alkali metal chlorides also 
results in the formation of giant single layered liposomes. The method involves the 
formation of fully hydraied small vesicles in dilute buffer by sonication followed by 
freeze/thawing in the presence of high concentrations of the electrolyte of Interest in 
order to induce equilibration of the electrolyte across the bilayer membranes of the 
small vesicles. In the final step of the process the electrolyte concentration is reduced 
by dialysis against dilute buffer. This resuttlin the influx of water into the small 
vesicles (driven by the osmotic imbalance) causing them to swell and fuse into giant 
vesicles. The method is rather involved and not easily scaled up. 

d. Dehvdration/RQhvdration of SUVs: Large unilamellar and oligolamellar vesicles 
with high entrapment efficiencies have been formed by a clever method reported 
recently by Shew and Deamer^a. in this method, sonkated vesk^ies are mixed in an 
aqueous solution with the solute desired to be encapsulated and the mixture dried 
under a stream of nitrogen. As the sample is dehydrated, the small vesrcles fuse to 
form a multilamellar film that effectively sandwiches the solute molecules between 
-successive layers. Upon rehydration, large vesicles are produced whk:h have 
encapsulated a significant proportion of the solute. The optimal mass ratio of lipid to 
solute was reported to be approximately 1 2 to 1 ;3, This method has potential 
applicaiion to large scale production since it depends only on controlled drying and 
rehydration processes and does not require extensive use of organic solvents, 
detergents, or dialysis systems. 
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buffer and fractions are collected. Large liposomes appear in the void volun^e while 
SUV size liposomes elute with the included volume. Larger pore size 
chromatographic media have been used in a similar fashion to fractionate populations 
of larger particles. !n general, however, such chromatographic separations are quite 
limited in terms of volumes and throughput, must be earned out in batches and result 
in significant dilution of the product, 

2. Homoqenization: In those cases where a fairly small particle size is desirable, 
homogenization has proven to be useful approach. In much the same way as milk is 
homogenized, the average particle size and potydispersity of vesicle dispersions can 
be reduced by passage through a high pressure homogenlzer. One such devise 
marketed by the Biological Devebpment Corporation under the trade name 
Microfluidizer^ has been shown by Mayhew and his colleagues^ to generate 
vesicles in the 50-200 nm size range. Such homogenizers are amenable to scale up, 
and throughput rates are high. As with other high pressure devices, however, heat 
regulation can sometimes present problems, and the shear forces developed within 
the reaction chamber can lead to partial degradation of the Kpids. Another 
disadvantage relates to the empirical observation that conditions designed to produce 
approximately 200 nm particles often results in a bimodal distribution, with the bulk of 
the vesicles in the desired size range contaminated by a significant proportion of very 
small vesicles (less than 50 nm) 

3. Caoiliarv Pore Membrane Extmsion: A technique that has gained widespread 
acceptance for the production of liposomes of defined size and narrow size 
distribution, introduced by Olson et al 3i in 1979, involves the extrusion of a 
heterogeneous population of fairly large liposomes through polycarbonate 
membranes under moderate pressures (100-250 psi). Such membranes have uniform 
straight-through capillary pores of defined size and polycartjonate does not bind 
liposomes containing charged species. This simple technique can reduce a 
heterogeneous population of MLVs or REVs to a more homogeneous suspension of 
vesicles exhibiting a mean particle size which approaches that of the pores through 
which they were extmded. MLVs with a mean diameter of 260 nm can be obtained 
following a single extrusion through 200 nm pore size polycartwnate membranes; 
75% of the encapsulated volume resides in vesk:les between 170 and 370 nm (as 
measured by negative stain electron microscopy). Upon additional extrusions through 
the same pore size membrane the average size is reduced further finally approaching 
about 190 nm with greater than 85% of the partfctes in the 170-210 nm range. 
Compared to SUV preparations this stiU represents a rather broad distribution of 
vesicle sizes, but compared to the original MLV population whk* ranges in size from 
about 500 nm to severai microns, it represents a considerable reduction of both 
average partkte size and potydispersity. In practice it is sometimes preferable to 
extoide sequentially through membranes of decreasing pore dianrwter. For example, 
a concentrated dispersion of MLVs may be difficuft to extrude directly through a 200 
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nm pore size membrane under normal operating pressures (about 90 psi) tt is 
advisable to begin the process by extmslon through a 0.8. 0.6, 0.4 and finally 0 2 
micron pore sizes. Alternatively, it is possible to use higher pressures to extrude 
concentrated dispersions through the smaller pore size membranes directly A special 
h^h pressure filter holder is required, however, since operating pressures may reach 
250 ps«. One such devise Is available commercially under the trade name LUVET*' 
Which can accommodate up to 10 ml and is equipped with a recirculation mechanism 
which permits multiple extrusion with little difficulty. 

Stability of Liposomes 

The stability of any pharmaceutical product is usually defined as the capacity of the 
formulation to rernain wrthin defined limits for a predetemiined period of time (shelf-life 
of U^product). The first step in designing any type of stability testing program is to 
specify these limits by establishing parameters defined in terms of chemical stability 
physical stability and microbial stability. Next, methods must be estabOshed to 
evaluate each of these parameters. One must treat liposomal drug delivery systems in 
the same way as the more traditional phamiaceutical dosage fbmis are treated with 
respect to the establishment of clearly defined protocols for their characterization 
manufacture, stability testing and efficacy. General observations about liposomal' 
Stability include: 

1 . There are very few published reports on long-temi stabifity studies of 
liposomes. 

2. There are no published reports on the establishment of detailed protocols for 
stability testing. 

3. There are no published reports on the estabhshment of protocols for 
accelerated stability testing. 

4. MLVs and REVs appear to be more stable than SUVs (with respect to 
leakage on storage). 

5. Use of saturated phospholipids and incorporation of cholesterol into the 
bilayer generally improves stability. 

6. Liposomes stored at 4«C. at times, appear to be more stable than liposomes 
Stored at room temperature^ 

AdSf!?^?^' Chemically, phospholipids are susceptible to hydrolysis 
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a Lipid Peroxidation: Most of the phospholipid fiposomai dispersions used 
contain unsaturated acyl chains as part of the molecular structure. These chains are 
vulnerable to oxidative degradation (lipid peroxidation). The oxidation reactions can 
occur during preparation, storage or actual use. Oxidative deterioration of lipids is a 
complex process involving free radical generation and results in the formation of cyclic 
peroxides and hydroperoxides. 

Most of the procedures used to measure lipid peroxidation are nonspecific and are 
either based on the disappearance of unsaturated fatty acids (determined by lipid 
extraction techniques followed by GLC analysis) or the appearance of conjugated 
dienes. The latter technique is now widely used since oxidation is accompanied by 
increased UV absorption in the 230-260 nm range. If unsaturated phospholipids are 
used to prepare liposomes, and no special precautions are used to minimize 
oxidation, the reaction will occur readily. Oxidation of the phospholipids may be 
minimized by a number of ways: 

1 . Minimum use of unsaturated phospholipids (if appropriate). 

2. Use of argon or nitrogen to minimize exposure to O2 . 

3. Use of light resistant containers. 

4. Removal of heavy metals (EDTA). 

5. Use of antioxidants such as a-tocopherol or BHT. 

b. Lipid Hydrolysis: The most important degradation product resulting from lecithin 
hydrolysis is lyso-ledthin (lyso-PC). which results from hydrolysis of the ester bond at 
the Co position of the glycerol moiety. Many workers choose the formation of lyso-PC 
as a standard measure for the chemical stability of phospholipids since the presence 
of lyso-PC in lipid bilayers greatly enhances the penneabiltty of liposomes, ft is 
therefore extremely important that the formation of lyso-PC be kept to a minimum 
during storage. Lyso-PC is usually analyzed by phosphollpM extraction followed by 
separation of PC and lyso-PC by TLC. The spots are then usually scraped and 
assayed for total phosphorous content. 

Althpugh factors such as sonicaMon couW affect the degree of lyso-PC fonnationr 
probably the single most important method of minimizing this problem is by the proper 
sourdng of the phosphclipkts to be used. They shouki be essentially free of any lyso- 
PC to start with and, of course, be free of any lipases. 

c Miscellaneous Chemteal Stabilitv ConcQms; One must not ignore the fact that 
the other bilayer lipids whkrfi may be present can also decompose. For example, 
cholesterol, in aqueous dispersion, has been shown to oxicfize rapkily when 
unprotected. Rnally, the drug itself must be considered. The stability profile of the 
"free" drug may be quite Afferent from its profile in the encapsulated state. In fact, a 
number of strategies have been developed which are based on protecting the drug 
from biotogical environments by encapsulating them in liposomes. Examples include 
the protection of insulin from proteolytfc enzymes of the gastrointestinal tract and the 
prolongation of ester hydrolysis of prodrugs (e.g., cortisone hexadecahoate) after 
intramuscular administration. 
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STABILITY TESTING (GENERAL CONSIDERATIONS) 

Stability testing of liquid disperse systems is one of the most difficult problems 
faced by formulation chemists. The scientist is often asked to predict the sheif-life of a 
product or choose between experimental formulations based on estimates of how well 
they will hold up with time. There are no standardized tests available to determine 
physical stability, and quite often there is no certainty of what type of stability is being 
investigated. The first order of priority for solving stability problems of disperse 
systems is to define clearly the type or types of stability of concern. Categorizing 
stability as either physical or chemical is not suffiaent. The various groups that are 
concemed with the product (product development, production, analytical. mari<eting 
etc.) must have a dear and precise reference frame of stability. 

An understanding of the factors that lead to stability problems can help determine 
which methods of testing are most likely to yield information appficable to the 
estimation of the product's shelf-life. Stability tests commonly stress the system to 
limits beyond those which the product will ever encounter. Typical examples of stress 
tests include exposure of the product to high temperatures and large gravitational 
forces. It is important to understand whether these tests are being performed because 
the product is expected to encounter these condHions or because, even though these 
conditions will never be approached, the results will help predtot shelf-life at more 
moderate conditions. 

High temperature testing (>25»C) is almost universally used for heterogeneous 
products. Various laboratories store their products at temperatures ranging from 4«C 
(refngerator temperature) to SO-C (or perhaps even higher). The temperatures used in 
heat-cool cycOng are also quite varied, often without regard for the nature of the 
product What will the increase in temperature likely do to the properties of the 
systems under study? 

For liposomes, higher temperatures may dramatically alter the nature of the 
mterfaaal film, especially if the phase transition temperature is reached. If one expects 
tiie product to be exposed to a temperature of AS-C for an extended period of time or 
for short durations, (shippingand warehouse storage), studies at 45-5(yC. (long term 
and heat-cool cycling), are quite justified. A study of a product at these temperatures 
detemimes: (1 ) How is the product hoWing up at this higher temperature, and- (2) is 
the damage reversible or irreversible when the product is brought back to room 
temperature? If temperatures higher than the system will ever encounter are used 
even in short-term heat-cool cyding. there is a risk of irreversibly damaging the 
bilayers so that when it is brought bad* to room temperature, the membrane can not 
heal. 

if a liposomal dispersion is partially frozen and then thawed, ice crystals nudeate 
and grow at the expense of water. The liposomes may then be pressed together 
against the ice crystals under great pressure. If the aystal grows to a size greater than 
the voKl spaces, instability is more likely. That is why a stower rate of cooling, resulting 
m larger ice crystals, produces greater instability. Polymers may retard ice crystal 
growth. ' 
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van Bommel and Crommelin^^ showed that even one freeze-thaw cycle causes 
almost complete rapid leakage of caftXDxyfluorescein from liposomes (REVs) prepared 
from unsaturated pfiospholipids (even when cholesterol is added). However, 
liposomes composed of 

distearoylphosphatidylcholine/dipaimitoylphosphatidylglycerol/cholesterol show 
slightly better freeze-thaw stability. 

Stability testing protocols should be developed for liposomal products on a 
case-by-case basis. A typical protocol for a product which would be shipped in 
vehicles not equipped with climate control and stored in warehouses for prolonged 
periods under similar conditions might include testing under the following conditions: 

1 . One month at the highest temperature likely to be encountered. 

2. One month at lowest temperature likely to be encountered. 

3. 12-24 months at room temperature. 

4. 12-24 months at various light intensities. 

5. Two to three "freeze-thaw" cycles (-20**C to 25X), 

6. Six to eight "heat-coor cycles (5^ to 45°C. 48 hours at each temperature). 

7. 24-48 hours on a reciprocating shaker at 60 cydes/min (estimates 
transportation conditions). 

One shoukl be certain that studies are performed using all types and sizes of 
containers. Under each of the test conditions, the toltowing data can be collected: 

1. Visual and microscopic observations, e.g., flocculation, 

2. Particle size profiles. 

3. Rheologlcal profiles. 

4. Chemical stability. 

5. Extent of leakage. 

FREEZE Drying (Lyophiuzation) of Liposomes 

Freeze drying involves the removal of water from products in the frozen state at- 
extremely low pressures. The process is generally used to dry products that are 
thenmolabile and would be destroyed by heat^lrying. 

Lyophilization has great potential as a method to solve long-term stability problems 
with respect to liposomal stability. Intuitively, one wouW suspectihat liposomes 
containing doigs entrapped in their bilayers wouW be better candidates for 
lyophifization than liposomes containing drugs entrapped in their aqueous 
compartments since the lyophilization procedure wouW be expected to cause some 
bilayer dsruption and subsequent leakage. 

Various studies have shown that water-soluble martcers such as carboxyfluorescein 
do not survive freeze drying in that even under the best of circumstances (use of 
saturated Opids and incorporation of cryoprotectants), a significant portion of the marker 
is lost on reconstitution. On the other hand. liposomes can retain >90% of lipid-soluble 
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drugs such as doxorubicin on reconstitution. The amount retained darv.nHc .k 
Of cryoprotectants. lipid composition, liposome type andToX le 

If the leaked out drug is removed and the preparation frozen far a '^r^ « 

original loss represBnts the poition of tlie dmg residiiiii in ih. »,„ 

THUS. When ™„ ,„^^ JZi r^Tr? ""^™* 

«^«r or accep. a ce«.„ pe^ e, ^ „ I^^J It);? ^'^^ 



STABILITY OF UPOSOMES IN BIOLOGICAL FLUIDS 

a ^ pertod 0, «™. genera,,, m. -17,^"^ ^^°" 

:X r '^oT o, 
ine amg. with tradrtional non-parenteral dosage fomis onlv tha ^ . , 

once ,h, „^ „„ J„.rCa^ne^"^^=?*:"' 
Thus, ,he o„V i^thod avalbbte » cmml the Pharmacol^ ofTo^lT^. T 
the amcm e, „a, emeis the btood as a function of ^ '™ 

Parenteral. especialV intravenous, administration of liposomallv ehcaDsula.« 

«n,ihis2on~ ^ »' P-hle* "Posonte 



LIPOS 
Li 

entre 
abou 
even 
dam; 
unch 
trans 
som< 
and i 
most 
temp 
has I 
T 

attac 

stabi 

least 

with 

lncx)i 

chok 

sphit 

conti 

incre 

phos 

table 

the I 



a Concentration of free drug in blood; 

b. Conoentration of liposomes and their entrapped drug in blood' 

c. Leakage rate of drug from the liposome in the blood 

d. Disposition Of the intact drug-carrying liposomes in the blood. 

.u:c,r:z:rr:'^~°''^-"'^-^«-.- 

a. Stability {leakage rate) of drug from the Hposome in the blood 

b. Composition of the intact drug-car^^ ' 
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LioQSQp p g Stability in Blood and Plasma : The inability of liposomes to retain 
entrapped substances when Incubated with blocxJ or plasma has been known for 
about a decade. The fact that high molecular weight substances such as inulin and 
even albumin leak out on incubation with plasma suggests that more than superticiat 
damage is being done to the liposomes even though their gross morphology appears 
unchanged. The instability of liposomes in plasma appears to be the result of the 
transfer of bilayer lipids to albumin and high density lipoproteins (HDL). Additionally, 
some of the protein is transferred from the lipoprotein to the liposome. Both lectthtn 
and cholesterol also exchange with the membranes of red blood cells. Liposomes are 
most susceptible to HOL attack at their gel to liquid crystalline phase transition 
temperature. It is therefore worthwhile to determine by DSC whether the fonmulation 
' has a phase transition temperature dose to 37^C. 

The susceptibility of liposomal phospholipid to lipoprotein and phospholipase 
attack is strongly dependent on liposome size and type. Generally MLVs are most 
stable since only a portion of the phospholipid is exposed to attack and SUVs are the 
least stable because of the stresses imposed by their curvature. Liposomes prepared 
with higher chain length phospholipids are most stable both in buffer and in plasma 
Incorporation of charged lipid into the bilayer decreases stability in plasma even when 
cholesterol is included to bring the liposomes to the gel state. Cholesterol and 
sphingomyelin are generally very effective in reducing the instability of Oposomes in 
contact with plasma. It is believed that the primary reason for this effect is not the 
increased bilayer tightness produced by cholesterol but the prevention of transfer of 
phospholipid to the plasma lipoprotein and red blood cell membrane. The following 
I table shows that liposomal stability in plasma increases as the ratio of cholesterol in 



i 



the liposome increases: 



TABLE 4 

Release of Solutes From SUVs in the Presence of Plasma. 
Liposomflf? suaasa. EuE eye 

PC 80.6±10.4 68.9±6.9 26.9±3.7 
PC-CH(7;2) 42.2±2.8 31.1±7.2 26.1±3.0 
PC-CH (7:7) 4.1 ±2.1 7.7±0.9 6.6 

Source: Kirtiy, C. and Gregoriadis, G. (1981) Biochem. J.. 199. 251-254. 
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, '■'WSOmft SmW I itY in tug f;flmiinTft<itfnnl TmrT : Although about SO papers have 
been published on the oral administration of liposomally encapsulated drugs 
especially insulin, very little effort has been made to criticaJIy assess stabilij of 
hposomes in the environment of the gastrointestinal tract. Rowland and Woodleyss 
have shown that most of the liposomal fomnilations that have been used are qurte 

unstable to the g.l. environment (low pH. bile and/or phospholipase). Even 
distearoylphosphatidylcholine/cholesterol liposomes are very unstable in the 
gastroirrtestinal tract and that Hposomally encapsulated and free drug give about the 
same phamiacokinetics when administered by the oral route to rats (Fig 7) 



Summary 



reality. One n^ust bear ,n mind that only in the last five years or so have real advanL 
made m ranslatmg progress from university laboratohes into pharmaceuticalbr 
acceptable dosage fomis. PhamiaceuticaJ sdemists collaborating with process 
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engineers have been able to produce large volumes of sterile, pyrogen-free liposomes 
with acceptable shelf-lives. With current emphasis on Increasing therapeutic indices 
of dmgs, it appears quite likety that these biocompatible, biodegradable vehicles will 
receive increased attention from the pharmaceutical industry. 

As of this printing, more than 10 companies plan to or have applied to the Food and 
Doig Administration for approval to test approximately 20 liposomally-entrapped drug 
entities. These drugs include anticancer and antifungal agents as well as drugs to 
combat arthritis, glaucoma and dry eye. 

Within a short period of time one might expect to see a broad range of liposomal 
products in various stages of clinical testing. The most promising appear to be 
liposomal pnxjucts spectftcally formulated to facilitate: 

a Site Snacific Defivftry- Particular emphasis is placed on disease states involving 
the RES. Examples include aritimonial compounds for parasitic disease, 
immunomodulation using macrophage activating agents and antiviral treatment using 
ribavirin. 

b. Site Avoidance Deliverv: The most promising examples are liposomal 
doxorubidn (reduced cardiotoxicity) and liposomal amphotericin B (reduced 
nephrotoxicity). 

c. Sustained orCQPtrollgd Release: Examples include inhalation of 
bronchodilators. ocular delivery of antibiotics, intramuscular delivery of peptides and 
topical delivery of a variety of drugs, 
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Mail Stop Appeal Briefs Patents 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 



This Brief is being filed pursuant to 37 CFR 1 .192. A transmittal letter, fee under 
37 CFR 1.17(h) and a 5 month extension of time are being filed herewith. The required 
sections under 37 CFR 1.192 are set forth below under separate headings. 



( 1 ) The Real Party of Interest 

The real party of interest in this appeal is Advanced Inhalation Research, Inc. by 
virtue of the Assignment recorded on November 1, 1999 at Reel 010349 and frame 0126. 
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(2) Related Appeals and Interferences 

There are no related appeals or interferences at this time known to the appellant, 
the assignee or its representative which will directly affect or be directly affected by or 
have a bearing in the Board's decision in the pending appeal. 

(3) Status of the Claims 

Claims 50-69, 91-108, and 128-131 are pending, finally rejected and appealed. 
Claims 1-49, 70-90 and 109-127 have been canceled. 

(4) Status of the Amendments 

An Amendment After Final Rejection was filed on May 19, 2003 which 
attempted to cancel Claims 51 and 92 and incorporate the claim limitations thereof into 
the independent claims. Entry was refiased in the Advisory Action dated May 28, 2003. 
A Request for Reconsideration and Petition under 37 CFR 1.181 was filed on June 24, 
2003. The Request for Reconsideration was refiised on August 4, 2003. With respect to 
the Petition, a Status Inquiry was filed on October 20, 2003 and a status call was made on 
November 20, 2003. Appellants have not received a decision on the Petition. It is 
assumed that the amendment will not be entered. 

(5) Summary of the Invention 

The invention relates to methods for producing spray-dried particles having 
improved stability of a protein comprising combining a protein, a phospholipid, a co- 
solvent, said co-solvent including an aqueous solvent and an organic solvent, and, 
optionally, a buffer salt, to form a mixture; and spray-drying the mixture to produce 
spray-dried particles comprising a stabilized protein. In Claim 1, for example, the 
particles consist essentially of the stabilized protein, the phospholipid and, optionally, the 
buffer salt, and wherein the phospholipid is present in the particles in an amount of at 
least about 10 weight percent. In Claim 2, for example, the particles consist of the 
stabilized protein, the phospholipid and, optionally, the buffer salt. 
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(6) Issues 

The issue on appeal is whether the examiner has established a prima facie case of 
obviousness over Durrani. 



(7) Grouping of Claims 

Claims 51, 53, 56, 57, 62-64, 92, 94, 97, 98, 102-104 and 128-131 do not stand or 
fall together with the remaining claims. 



(8) Argument 

(a) The Rejection 

Claims 50-69, 91-108 and 128-131 are rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Durrani et al ("Durrani). In support of the rejection the 
Examiner states: 

Durrani discloses a process to directly spray dry a 
drug/lipid powder composition comprising preparing an 
aqueous solution containing a drug and a lipid containing 
ethanol solution. The mixture is then spray dried to get 
particles (p 40, claim 1). Durrani further teach that the drug 
may be selected from a group which includes insulin, ... 
Durrani further teaches that the lipid may be selected from the 
group consisting of phosphatidylglycerol. . . . Lastly, Durrani 
teach that the diameter of the resulting particles is between 0.1 
and 20 microns (p 14, 1 30).... 

One of ordinary skill in the art would have been motivated 
to make a spray dried composition of a drug and a lipid based 
on the generic claim of Durrani. The expected result would be 
a stable spray dried powder formulation. Therefore, this 
invention as a whole would have been prima facie obvious to 
one of ordinary skill in the art at the time the invention was 
made. 

(b) The Rebuttal 

Claims 50-69, 91-108 and 128-131 are directed to subject matter not embraced by 
the teachings of the cited reference. In addition to the arguments previously made, which 
are incorporated by reference herein in their entirety, Applicants would like to emphasize 
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that the present invention teaches methods for producing particles having properties and 
formulations neither disclosed nor suggested by Durrani. 

According to MPEP §2142, to establish a prima facie case of obviousness, three 
basic criteria must be met. First, there must be some suggestion or motivation, either in 
the reference itself or in the knowledge generally available to one of skill in the art, to 
modify the reference or to combine the teachings of the reference to teach the invention. 
Second, there must be a reasonable expectation of success in practicing the invention. 
Finally, the prior art reference must teach or suggest all the claim limitations. Durrani 
fails on all three criteria. 

The present invention, as claimed, is directed to methods of producing protein 
containing particles in w^hich the protein has improved stability. The particular problems 
associated with protein stability in aqueous solutions are described in the instant 
application. For example, the spray drying of proteins can result in materials that are 
thermally degraded upon processing. There can be a detrimental effect of protein 
degradation at the air-liquid interface of the droplets in the spray. The problems 
associated with protein stability can be solved by producing the protein particles 
according to the methods of the invention. 

In contrast, Durrani is not concerned with, and does not address, the stability of 
any drug in any resulting spray-dried powder from Durrani's method. Even if it could be 
inferred that Durrani addresses the stability of the drug, Durrani does not address the 
stability of a protein drug in a resulting spray-dried powder. Durrani is simply not about a 
method for producing spray-dried particles comprising a stabilized protein or peptide 
wherein the particles consist essentially of the stabilized protein, or peptide, the 
phospholipid and, optionally, the buffer salt; and wherein the phospholipid is present in 
the particles in an amount of at least about 10 weight percent. 

Rather, Durrani is concerned with preparing drug/lipid powders effective to form 
liposomes with high drug encapsulation upon rehydration of the dried powder particles 
(page 4, lines 11-15), Therefore, the generic claim of Durrani provides no suggestion or 
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motivation for the ordinarily skilled artisan to select the specific components (and only 
those components) of the claimed particles with improved protein stability. Given that 
Durrani contains no specific examples directed to particles containing proteins, the 
ordinarily skilled artisan does not have a reasonable expectation of success of producing 
protein particles with improved stability. 

Durrani describes an improved method for direct spray-drying a drug/lipid 
composition to produce a powder which forms liposomes upon rehydration (ex vivo or in 
vivo) that is essentially equivalent to that achieved by previous methods of spray-drying a 
drug/lipid composition which required the preformation of a liposome encapsulated drug 
suspension prior to spray-drying the liposome encapsulated drug suspension. Durrani 
teaches that the improved method alleviates the prior art need to preform liposome 
encapsulated drug suspensions while producing equivalent powders, and goes on to 
describe the ingredients and steps required to produce such powders. Therefore, there is 
no motivation or suggestion to use the methods of Durrani to overcome the obstacles 
involved with the spray-drying of proteins or which would direct the ordinarily skilled 
artisan to modify the cited generic claim to reach Appellants' claimed invention. 

As discussed above, Durrani does not address any of the issues associated with 
protein stability, but rather describes a method of producing liposomes which is stated as 
having applicability to a range of therapeutics. The only working examples in Durrani 
teach particles which include, not a protein (or a peptide), but rather albuterol sulfate. 
Durrani never addresses the issue of protein stability, but rather, Durrani limits his 
teachings to a method for achieving the liposomal encapsulation of a drug. Therefore, the 
ordinarily skilled artisan searching for a method to produce particles with improved 
protein stability would not be provided a reasonable expectation of success in practicing 
the claimed methods by the teachings contained in the cited generic claim of Durrani. 

The Examiner infers that improved protein stability is an inherent result of the 
methods of Durrani, stating that since "Durrani discloses the same components for the 
spray dried particles. . .that the protein integrity and tap density are inherent 
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characteristics, and would be the same as those claimed by applicant...." However, the 
doctrine of inherency does not apply here where the prior art products are not "identical 
or substantially identical". In re Best, 195 USPQ 430 (CCPA 1977). The products 
specifically described by Durrani are directed to powders that do not contain proteins and 
contain additional components that facilitate liposome formation. The products 
specifically described by Durrani (which contain small organic molecules), by definition, 
cannot possess improved protein stability. Thus, the Examiner is applying the doctrine of 
inherency, not to the products specifically described by Durrani, but those that fall within 
a broad generic disclosure. The doctrine of inherency simply does not reach products 
that are merely generically described. Indeed, the Examiner's position is wholly 
inconsistent with the long and accepted practice that improvement and selection 
inventions that fall within the generic disclosure of a reference can support a patent. 

Further, Durrani fails to teach or suggest additional claim limitations. Claims 50- 
69, 91-108 and 128-131 are directed to a method for producing spray-dried particles 
having improved stability of a protein or peptide comprising combining a protein or 
peptide, a phospholipid and, optionally, a buffer salt and a co-solvent or an organic 
solvent, and spray drying the resulting mixture to produce spray-dried particles 
comprising a stabilized protein or peptide wherein the particles consist essentially of the 
stabilized protein, or peptide, the phospholipid and, optionally, the buffer sah; and 
wherein the phospholipid is present in the particles in an amount of at least about 10 
weight percent. Claims 51 and 92 require that the particles consist of these three 
ingredients, not allowing additional components. 

Durrani is interested in a method for preparing a powder which, upon rehydration, 
yields liposome encapsulated drug at a comparable percent encapsulation to spray-dried 
preformed liposomes. All working examples presented in Durrani specifically teach 
particles which include, in addition to albuterol sulfate and lipid(s), other ingredients such 
as tocopherol, cholesterol and freon. Tocopherol is described as "a drug-protective and 
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lipid-protective agent" (page 9, lines 20-21). These components are excluded from the 
present methods. 

The Examiner dismisses this argument and relies upon the fact that Claim 1 of 
Durrani does not recite these additional excipients. Claim 1 requires that the composition 
contain a "lipid". The Examiner is reading more into this language than is there. It does 
not state that Durrani taught compositions which consist or consist essentially of protein 
and phospholipids and an optional buffer salt. The reference, taken as a whole, is plain in 
its teachings. Additional excipients that facilitate liposome formation are desired. There 
is no teaching that good or even adequate results are obtained by eliminating all 
excipients that facilitate liposome formation. 

As exemplified by Weiner et al ("Liposomes as a Drug Delivery System", Drug 
Development and Industrial Pharmacy, 15(10): 1523-1554 (1989)) (enclosed herewith), 
the production and use of liposomes as a drug delivery system is a complex and distinct 
art -with its ovra unique concerns and obstacles. Weiner et al describe the properties of 
liposomes, how liposomes are prepared and how they have been, and continue to be, 
adapted to efficiently and safely encapsulate a drug. Weiner et al describe the various 
types of lipids that can be used to generate liposomes and the benefits and disadvantages 
of each (pages 1525-1529). Furthermore, Weiner et al go on to state that "the internal or 
trapped volume and encapsulation efficiency greatly depends on liposomal content, lipid 
concentration, method of preparation and drug used" (page 1532, last paragraph). Weiner 
et al teach the importance of the role of cholesterol in the formation of liposomes, the 
encapsulation of drugs and the resulting stability of the liposomes (page 1527, first 
paragraph). The teachings of Weiner are consistent with the teachings of Durrani, which 
stresses the importance of the types of lipids used in the formulation and the addition of 
drug and lipid containing agents such as cholesterol and tocopherol. 

Thus, Durrani includes in its particles additional ingredients which materially 
affect the basic and novel characteristics of the claimed invention. Applicants respectfully 
submit that Durrani does not teach, suggest or recognize the possibility of preparing spray 
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dried particles comprising a stabilized protein (or peptide) which consists essentially of 
the protein, phospholipid and, optionally, the buffer salt of the present claims. 

Even if these additional components are considered to fall within the scope of the 
Claim 50, Claims 51 and 92 clearly do not provide for these components. 

In Claims 128-131, a buffer salt is required. Durrani specifically states that "the 
aqueous solution be free of phosphate salts" (page 11, line 15). The particles of the 
claimed invention have no such restriction and can be prepared using phosphate salts (see 
Example 2). Indeed, such salts are required in Claims 128-131. Accordingly, the 
properties of the Durrani particles which necessitate that the aqueous solution be 
"phosphate free" simply do not exist in the particles of the instant invention and teaches 
away from the invention. 

With respect to Claims 62-64 and 102-104, the claims require a specific range of 
tap densities. This too the Examiner asserts is generically taught by Durrani because 
Durrani does not teach any tap density at all and it is an inherent feature. Tap density is a 
physical characteristic of the powder. As can be seen from Durrani's examples, the 
physical characteristics change from run to run. Durrani's Table 2, for example, shows 
that some powders are sticky and some are free flowing. Example 1 of the present 
specification reports that the tap densities ranged between 0.02 and 0.2 g/cc. Clearly, it is 
not an inherent feature of the formulation alone. Thus, the Examiner's assertion is 
incorrect. There is no reason in Durrani to manufacture compositions with the 
specifically recited materials and the specifically recited tap densities. It is absurd for the 
Examiner to point to Durrani's failure to teach the claim limitation to support the 
rejection. Even if the Examiner asserts that all spray-dried products must inherently 
possess a tap density of less than 0.4 g/cc (Claim 62), the evidence of record clearly 
establishes that this is untrue of the lower tap densities. Thus, Claims 63, 64, 103 and 
104 are separately patentable. 

With respect to Claims 53 and 94, which limit the claims to human growth 
hormone, there is no motivation to specifically choose the formulation to consist 
essentially of hGH, a phospholipid (in an amount of at least about 10%) and an optional 
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buffer salt, with an expectation of achieving good to excellent hGH stability. Certainly, 
the Examiner has pointed to none. 

With respect to Claims 56, 57, 97, and 98, the specific stability to be achieved by 
the protein is recited. Obviously, Durrani does not teach this result. Further, the result is 
not an inherent feature of Durrani or spray drying as a whole. Thus, these claims are 
separately patentable. 

(9) The Conclusion 

Having established that the Examiner has failed to establish a prima facie case of 
obviousness, Appellants request reversal of the rejection and allowance of the 
application. 



Respectfully submitted, 



ELMORE CRAIG, P.C. 




Registration No. 37,567 
Telephone: (978) 251-3509 
Facsimile: (978)251-3973 




Chelmsford, MA 01863 
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PENDING CLAIMS 

l.to49. Cancelled 

50. (Previously Amended) A method for producing spray-dried particles having improved 
stability of a protein comprising: 

(a) combining a protein, a phospholipid, a co-solvent, said co-solvent including an 
aqueous solvent and an organic solvent, and, optionally, a buffer salt, to form a 
mixture; and 

(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
protein; 

wherein the particles consist essentially of the stabilized protein, the phospholipid and, 
optionally, the buffer salt, and wherein the phospholipid is present in the particles in an 
amount of at least about 10 weight percent. 

5 1 . (Previously Added) The method of Claim 50 wherein the spray-dried particles consist of 
the protein and the phospholipid. 

52. (Previously Added) The method of Claim 50 wherein the phospholipid is selected from 
the group consisting of phosphatidylcholines, phosphatidylethanolamines, 
phosphatidylglycerols, phosphatidylserines, phosphatidylinositols and combinations 
thereof. 

53. (Previously Added) The method of Claim 50 wherein the protein is human growth 
hormone. 

54. (Previously Added) The method of Claim 50 wherein the protein is present in the spray- 
dried particles in an amount ranging from about 1 to about 90 weight %. 

55. (Previously Added) The method of Claim 50 wherein protein stability is measured by 
SEC-HPLC. 
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56. (Previously Added) The method of Claim 50 wherein the spray-dried particles retain at 
least about 70% protein integrity when stored at about 25°C and about 60% relative 
humidity conditions for six weeks. 

57. (Previously Added) The method of Claim 50 wherein the spray-dried particles retain at 
least about 50% protein integrity when stored at about 40°C and about 75% relative 
humidity conditions for six weeks. 

•58. (Previously Added) The method of Claim 50 wherein the protein is a therapeutic, 
prophylactic or diagnostic agent. 

59. (Previously Added) The method of Claim 50 wherein the solute concentration in said 
mixture is at least 0.1 weight/volume %. 

60. (Previously Added) The method of Claim 50 wherein the co-solvent includes an alcohol. 

61 . (Previously Added) The method of Claim 50 wherein the organic solvent is present in 
the co-solvent in a concentration of at least 50 volume %. 

62. (Previously Added) The method of Claim 50 wherein the spray-dried particles have a tap 
density less than about 0.4 g/cm . 

63. (Previously Added) The method of Claim 62 wherein the spray-dried particles have a tap 
density less than about 0.1 g/cm . 

64. (Previously Added) The method of Claim 63 wherein the spray-dried particles have a tap 
density less than about 0.05 g/cm^ 

65. (Previously Added) The method of Claim 62 wherein the spray-dried particles have a 
median geometric diameter of between about 5 microns and about 30 microns. 
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66. (Previously Added) The method of Claim 62 wherein the spray-dried particles have an 
aerodynamic diameter of between about 1 micron and about 5 micron. 

67. (Previously Added) The particles produced by the method of Claim 50. 

68. (Previously Added) A method comprising administering to the respiratory tract of a 
patient in need of treatment, prophylaxis or diagnosis an effective amount of the spray- 
dried particles produced by the method of Claim 50. 

69. (Previously Amended) A method for producing spray-dried particles having improved 
stability of a peptide comprising: 

(a) combining a peptide, a phospholipid, a co-solvent, said co-solvent including an 
aqueous solvent and an organic solvent, and, optionally, a buffer salt, to form a 
mixture; and 

b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
peptide; 

wherein the particles consist essentially of the stabilized peptide, the phospholipid and, 
optionally, the buffer salt, and wherein the phospholipid is present in the particles in an 
amoimt of at least about 10 weight percent. 

70. to 90. Cancelled 

91 . (Previously Amended) A method for producing spray-dried particles having improved 
stability of a protein comprising: 

(a) combining a protein, a phospholipid, an organic solvent, and optionally, a buffer 
salt, to form a mixture; and 

(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
protein; 

wherein the particles consist essentially of the stabilized protein, the phospholipid and, 
optionally, the buffer salt, and wherein the phospholipid is present in the particles in an 
amount of at least about 10 weight percent. 
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92. (Previously Added) The method of Claim 91 wherein the spray-dried particles consist of 
the protein and the phospholipid. 

93. (Previously Added) The method of Claim 91 wherein the phospholipid is selected from 
the group consisting of phosphatidylcholines, phosphatidylethanolamines, 
phosphatidylglycerols, phosphatidylserines, phosphatidylinositols and combinations 
thereof. 

94. (Previously Added) The method of Claim 91 wherein the protein is human growth 
hormone. 

95. (Previously Added) The method of Claim 91 wherein the protein is present in the spray- 
dried particles in an amount ranging from about 1 to about 90 weight %. 

96. (Previously Added) The method of Claim 91 wherein protein stability is measured by 
SEC-HPLC. 

97. (Previously Added) The method of Claim 91 wherein the spray-dried particles retain at 
least about 70% protein integrity when stored at about 25°C and about 60% relative 
humidity conditions for six weeks. 

98. (Previously Added) The method of Claim 91 wherein the spray-dried particles retain at 
least about 50% protein integrity when stored at about 40°C and about 75% relative 
humidity conditions for six weeks. 

99. (Previously Added) The method of Claim 91 wherein the protein is a therapeutic, 
prophylactic or diagnostic agent. 

100. (Previously Amended) The method of Claim 91 wherein the solute concentration in said 
mixture is at least 0.1 weight/volume %. 
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101. (Previously Added) The method of Claim 91 wherein the solvent includes an alcohol. 

102. (Previously Added) The method of Claim 91 wherein the spray-dried particles have a tap 
density less than about 0.4 g/cm^. 

103. (Previously Amended) The method of Claim 102 wherein the spray-dried particles have 
a tap density less than about 0.1 g/cm^. 

104. (Previously Amended) The method of Claim 103 wherein the spray-dried particles have 
a tap density less than about 0.05 g/cm^. 

105. (Previously Amended) The method of Claim 102 wherein the spray-dried particles have 
a median geometric diameter of between about 5 microns and about 30 microns. 

106. (Previously Amended) The method of Claim 102 wherein the spray-dried particles have 
an aerodynamic diameter of between about 1 micron and about 5 micron. 

107. (Previously Added) The particles produced by the method of Claim 91. 

1 08. (Previously Added) A method comprising administering to the respiratory tract of a 
patient in need of treatment, prophylaxis or diagnosis an effective amount of the spray- 
dried particles produced by the method of Claim 91. 

109. to 127. Cancelled 

128. (Previously Amended) A method for producing spray-dried particles having improved 
stability of a protein comprising: 

(a) combining a protein, a phospholipid, a buffer salt and a co-solvent, said co- 
solvent including an aqueous solvent and an organic solvent, to form a mixture; 
and 
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(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
protein; 

wherein the particles consist essentially of the stabilized protein, the phospholipid and the 
buffer salt and wherein the phospholipid is present in the particles in an amount of at least 
about 10 weight percent. 

129. (Previously Amended) A method for producing spray-dried particles having improved 

stability of a peptide comprising: 

(a) combining a peptide, a phospholipid, a buffer salt and a co-solvent, said co- 
solvent including an aqueous solvent and an organic solvent, to form a mixture; 
and 

(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
peptide; 

wherein the particles consist essentially of the stabilized peptide, the phospholipid and 
the buffer salt and wherein the phospholipid is present in the particles in an amount of at 
least about 10 weight percent. 

130. (Previously Amended) A method for producing spray-dried particles having improved 
stability of a protein comprising: 

(a) combining a protein, a phospholipid, a buffer salt and an organic solvent, to form 
a mixture; and 

(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
protein; 

wherein the particles consist essentially of the stabilized protein, the phospholipid and the 
buffer salt and wherein the phospholipid is present in the particles in an amount of at least 
about 10 weight percent. 

131 . (Previously Amended) A method for producing spray-dried particles having improved 
stability of a peptide comprising: 

(a) combining a peptide, a phospholipid, a buffer salt and an organic solvent, to form 
a mixture; and 



2685.1003-US2 (001) 



(b) spray-drying said mixture to produce spray-dried particles comprising a stabilized 
peptide; 

wherein the particles consist essentially of the stabilized peptide, the phospholipid and 
the buffer salt and wherein the phospholipid is present in the particles in an amount of at 
least about 1 0 weight percent. 
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Introduction 

Uposomes have shown great potential as a drug delivery system. An assortment 
of molecules, including peptides and proteins, have been incorporated In liposomes, 
which can then be administered by different routes. Various amphlphathic molecules 
have been used to form the liposomes, and the method of preparation can be tailored 
to control their size and morphology. Dmg molecules can either be encapsulated in 
the aqueous space or intercalated into the lipid bilayer; the exact location of a dmg in 
the liposome will depend upon its physicochemical characterisUcs and the 
composition of the lipkis. 

Due to their high degree of biocompatibility. liposomes were initially conceived of 
as delivery systems for intravenous delivery. It has since become apparent that 
liposomes can also be useful for deRvery of drugs by other routes of administration. 
The formulator can use strategies to design liposomes for specific purposes, thereby 
improving the therapeutic index of a drug by increasing the percent of drug molecules 
that reach the target tissue, or altematively. decreasing the percent of drug molecules 
that reach sites of toxicity. Clinical trials now underway utiBze liposomes to achieve a 
variety of therapeutic objectives including enhancing the activity and reducing toxicity 
of a widely used antineoplastic drug (doxorubicin) and an antiftjngal drug 
(amphotericin B) delivered intravenously, aherdinical trials are evaluating the ability 
of liposomes to deliver intravenously immunomodulators (MTP-PE) to macrophages 
and imaging agents ("ilndium) to tumors. Recent studies in animals have reported the 
delivery of water-insoluble drugs into the eye, and the protonged release of an 
immunomodulator (interferon) and a peptide honnone (calcitonin) from an 
intramuscular depot. These trials and animals studies provide evWence of the 
versatility of liposomes. 
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r,. FIGURE 1 

STmo^^IT^^ muftilamellar and uniiamellar vesicles 

M J, (1 987) Scientific American. 1 02-11 1 . 



Source: Ostro, 



Of h^hT'"" "'''"'^ ^ ^ "'""'■^"8 of one or mora concentric spheres 

ofJp.db.layerssepamtedbywateroraqueousbuffercompartments{Rg i) Lse 

When phospholip,ds are dispersed in an aqueous phase, hydration of the polar^ad 
groups of the lipid results in a heterogeneous mixture of structures, general refer,^ 

LTf T;, T °' """^^ "P'^ '"^^^ forcing «nce2c 

sphencal shells. These were the Oposomes first described by Banghami and are n.w 

r.fe^edtoasn,u.^eHarve^,es(MLVs). Sonica«on of SfeTop d^^lTs 
^«ins .n s.ze reduction of these liposomes to vesicles containing only a ^n^e Iyer 
wrth diameters ranging from 25-50 nm. These stmctures are referred to as sn^r 
— ar vesicles (SUVs). Since MLVs and SUVs have certain Hmil?,^tLe, 
memb^e ^sterns and as dmg delivery systems, a number of bboratorierh^e 
developed single biteyer liposomes which exhibit a size range of 100-MO nmT 
diameter. These vesicles are referred to as large unilamellar vesicles (LUVs) The 

r^fitT r'""' "'"^^"^ liposomes hav^be^n 

t^mrod nf ' a function of 

SUvT^ f P'^P-^'O" (-9.. REV. FPV. ElV) or as a function of size (e.g.. LUV. 
SUV). The following are examples Of frequently used nomenclatures- 
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TABLE 1 

Examples of Nomenclature Used to Describe Liposomes. 



TYPEOFYESIOLE 


TERM USED 


APPROX. SIZE (urn) 


Small, Soniciated Unllamdilar 


SUV 


0.025-0.05 


Large, Vortexed Multilamellar 


MLV 


0.05-10 


Large Unilamellar 


LUV 


0.1 


Reverse Phase Evaporation 


REV 


0.5 


French Press 


FPV 


0.05 


Ether Injection 


ElV 


0.02 



MATERIALS USED IN LIPOSOME PREPARATION 

The lipids most commonly used to prepare liposomes are shown in Rg, 2. 

PhQsphQiiPids: Glycerol containing phospholipids are by far the most commonly used 
component of liposome formulations and represent more than 50% of the weight of 
lipid present in biological membranes. The general chemical stmcture of these types 
of lipids is exemplified by phosphatidic add. The ''backbone' of the molecule resides 
in the glycerol moiety* At fx>srtion number 3 of the glycerol molecule the hydroxyl is 
esterified to phosphoric add (hence the name glycerolphospholipids). The hydroxyis 
at positions 1 and 2 are usually esterified with long chain fatty adds giving rise to the 
Gpidic nature of these molecules. One of the remaining oxygens of phosphoric acids 
may be further esterified to a wide range of organic alcohols induding glycerol, 
choline, ethanolamine, serine and inositol. The phosphate moiety of phosphatidic 
add carries a double negative charge only at high pH, The pK values for the two 
oxygens are 3 and about 7. At physiologically relevant pH values this molecule 
presents more than one net negative charge, but not quite 2, The most abundant 
glycerol phosphatides in plants and animals are phosphatidylchoiine (PC), also called 
lecithin, and phosphatidylethanolamine (PE), sometimes refen-ed to as cephalin. 
These two phosphatides constitute the major stnjctural component of most biological 
membranes. In phosphatidylserine (PS),the phosphoric add moiety of phosphatidic 
add (PA) is esterified to the hydroxyl group of the amino add L-serine, and in 
phosphatidylinositoi (PI) to one of the hydroxyis of the cydic sugar alcohol inositoL In 
the case of phosphatidylgtycerol (PG), the alcohol that is esterified to the phosphate 
moiety is glycerol. Table 2 shows the fatty add composition of two common 
phosphatidylcholines, one extracted from egg yolk and the other from soy bean oil. 
Notice the difference in the degree of unsaturation between egg and soy PC. Soy PC 
contains a greater proportion of unsaturated bonds and is thus more susceptible to 
peroxidation. 
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FIGURE 2 

Chemical structures of lipids commonly used to prepare liposomes. 



-TABLE 2 

Fatty acid composition of two common phosphatidylcholines, one extracted from eaa 
yolk and the other from soy bean oil. 
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Steroids : The steroid cholesterol and its derivatives are quite often included as 
components of liposomal membranes. Cholesterol is abundant in animal tissues and 
is primarily localized in cell membranes. Its inclusion in liposomal membranes has 
three recognized effects: (i) increasing the fluidity or microviscosity of the bilayer; (ii) 
reducing the permeability of the membrane to water soluble molecules; and (m) 
stabilizing the membrane in the presence of biological fluids such as plasma this 
latter effect has proven useful in formulating liposomes for dnjg delivery applications 
which use the intravenous route of administration. Liposomes without cholesterol are 
known to interact rapidly with plasma proteins such as albumin, transfenin and 
macroglobulins. These proteins tend to extract bulk phospholipids from liposomes 
thereby depleting the outer monolayer of the vesicles leading to physical instability. 
Cholesterol appears to substantially reduce this type of interaction. Cholesterol has 
been called the "mortar of bilayers because, by virtue of its molecular shape and 
solubility properties, it fills in empty spaces among the phospholipid molecules, 
anchoring them more strongly into the stmcture. 

Mfltabolic FstP nf Rilaver Fnrmin<;i Uoids : An attribute of liposomes that translates into ' 
unusually high in vivo tolerance is the fact that the stmctural components of the 
system, phospholipids and cholesterol, are treated no differently than biotogical 
membrane lipids. In the body they are broken down by enzyme systems into natural 
intermediates like glycerol phosphate, fatty adds, ethanolamine» choline and 
acyl-Co-A and either metabolized further to provide energy, or enter a lipkl pools 
which is drawn upon to build new lipids which replace those that naturally tum over in 
biological membranes. Phospholipids are hydrolyzed in vivo by specific 
phospholipases (Rg. 3). Phospholipases can be used in vitro to modify natural lipids. 
For example, phospholipase A-2 isolated from snake venom has been used to 
produce lysophosphatidyteholine from natural phosphatidylcholine, Phospholipase D 
is being used commerdally to produce "semisynthetic" PS, PA and PG from PC. PC 
dissolved in ether is added and the two phases emulsified. The enzyme catalyzes 
head group exchange. The rates and yields of the conversion are dependent on the 
activity of the enzyme and the molar excess of the akx)hol to be exchanged for chbline. 

The liver serves both as the chief source and chief organ for the disposal of 
cholesterol. A major portion of the cholesterol removed from plasma lipoproteins by 
the liver is excreted in the bile. 

S ynthetic Phospholipids : Generally used saturated phospholipids include 
dipalmitoylphosphatidylcholine (DPPC), distearoylphosphatidylcholine (DSPC). 
dipalmitoylphosphatidylethanolamine (DPPE), dipalmitoylphosphatidylserine (DPPS). 
dipalmltoylphosphatidic acid (DPPA) and dipalmitoylphosphatidylglycerol (DPPG). 
Several unsaturated phospholipids have also been used for preparing liposomes; 
these include dioleoylphosphatidyteholine (DOPC) and dioleoylphosphatidylglycerol 
(DOPG), 
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suppliers and liposome product developers include the following: 

a. Quantities, purities and pharmaceutical attributes of lipids required for 
liposome products: 

b. Detailed specifications for each lipid, including standardized nomenclature 
and analytical quality control procedures; 

c. Introduction of the above into officiai compendia; and 

d. Expansion/centralization of a data base on the stability and safety of key 
lipids. 



WHY LIPOSOMES ARE FORMED 



Lipids capable of forming liposomes (or other colloidal structures) exhibits a dual 
chemical nature. Their head groups are hydrophilic (water loving) and their fatty acyl 
chains are hydrophobic (water hating). It has been estimated that each zwitterionic 
head group of phosphatidylcholine has on the order of 15 molecules of water weakly 
bound to it, which explains its overwhelming preference for the water phase. The 
hydrocartjon fatty add chains, on the other hand, vastly prefer each other's company 
to that of water. This phenomenon can be understood in quantitative terms by 
considering the critical micelle concentration (cm.c.) of PC in water. The cm.c. is 
defined as the concentration of the lipid in water (usually expressed as moles per liter) 
above which the lipid forms either micelles or biiayer structures rather than remaining 
in solution as monomers. The cm.c. of dipalmitoylphosphatidytoholine has been 
measured by Smith and Tanford^ and found to be 4.6x1 0-'io M in water. This value is 
in agreement with those obtained for similar amphiphiles. Clearly, this is a very small 
number indicating the overwhelming preference of this molecule for a hydrophobic 
environment such as that found in the core of a micelle or biiayer 

The large free energy change t>etween a water and a hydrophobic environment 
(»15.3 Kcal/mole for dipaimitoylphosphatidyteholihe and ^13.0 Kcai/mole for 
dimyristoylphosphatidyk^hoOne) explains the overwhelming preference of typical lipids 
to assemble in biiayer structures excluding water as much as possible from the 
hydrophobic core in order to achieve the towest free energy level and hence the 
highest stability for the aggregate stoicture. It is also clear from these thermodynamic 
conskierations that biiayer structures do not exist as such in the absence of water 
because it is water that provkies the driving force for lipid molecules to assume a 
biiayer configuration. 

A high degree of surface activity of a given molecule does not guarantee it ability to 
form biiayer structures in the presence of water. The type of phystoai structure they 
attain under a given set of conditions will depend on their interactions with neighboring 
molecules, their interaction with water and most importantly, whether the surface area 
of the polar head group, upon hydration, is smaller or latiger than the surface area of 
the hydrophobic group (Rg. 4). For example. phosphatidyfchoDne, sphingomyelin, 
phosphatidylserine. phosphatidylinositol and phosphatidyiglycerol have a preference 
for biiayer structures (liposomes). On the other hand, iysophospholipids form micelles 
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FIGURE 5 

Diagrammatic representation the various sites in the liposome available for drug 
entrapment Source: Gregoriadls. G, and Allison. A.C. (1980) Uposomes in Bioloaical 
Systems, John Wiley & Sons, Ltd. New York. p. 89. 



and phosphatidyiethanolamines and negatively charged phospholipids under certain 
conditions (tow pH and in the presence of divalent cations) form hexagonal (H||) 
stoictures. It should be pointed out that under proper conditions, relatively large 
amounts of lipids which normally tend to fomi hexagonal or micellar structures can be 
successfully incorporated into liposomes. 



Characterization of liposomes* 

Factors Affecting Drug f ntmpmftnt: The amount and location of a dmg within a 
Bposome is dependent on a number of factors. The location of drug within a Rposome 
is based on the parttion coefficient of the dmg between aqueous compartments and 
lipid bilayers, and the maximum amount of drug that can be entrapped within a 
liposome is dependent on its total solubility in each phase. For example, very little 6- 
mercaptopurine can be encapsulated in liposomes because this dmg has limited 
solubility in both polar and non-polar solvents. The total amount of liposomal lipid 
used and the intemal volume of the liposome will affect th total amount of non-polar 
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and polar drug, respectively, that can be loaded Into a liposome. Effident capture will 
depend on the use of drugs at concentrations which do not exceed the saturation limit 
of the drug in the aqueous compartment (for polar drugs) or the lipid bllayers (for non- 
polar dmgs). The method of preparation can also affect dnjg location and overall 
trapping efficiency. Rg. 5 diagrammatically represents the various sites in the 
liposome available for doig entrapment 

'"«>T>oration of drugs that have intemiediate partition coefficients (significant 
solubility in both the aqueous phase and the bilayer) may be undesirable If 
liposomes are prepared by mixing the drug with the lipids, the drug will eventually 
paitrtion to an extent depending on the partition coefficient of the drug and the phase 
volume ratio of water to bilayer. Also, the rate of partitioning will be a function of Its 

dlTi T "'""^ ^^'^ •highest when the 

dmg has an intermediate partition coefficient. Bilayer/aqueous compartment partition 
coeffiaents are usually estimated by detemiining their organic solventMater (e g 
octanolA^^ater) partition coeffidents. They can also be detem,ined predsely by a " 
method described by Bakouche and Gerlier3 which is based on the physical 
separation of the aqueous and bilayer phases by ultracentrifugation after mechanical 
(ultr^nics at low temperatures) disniption of the liposomes followed by ana^sis of 
each phase for drug. 
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descnbe entrapment of water soluble drugs in the aqueous compartments of 
liposomes. The internal or trapped or capture volume is expressed as aqueous 
en trapped volume per unit quantity of lipid Oll/^mol or ^U/mg). ft is determined by 
entrapping a water soluble-marker such as 6-carboxyfluorescein. i-K) or 3H-glucose or 
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Detennination of the amount of mariner that was trapped enables one to badc-cakxilate 
t e vo ume of entrapped water. The encapsulation effidency describes the percem^ 

en^pped dunng liposome preparation. The ramaining dmg remains outside of the 
re^r^mrn^tr"^^"" — is usu.ly expressed L 
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Incorporation of charged lipids into bitayers increases the volume of the aqueous 
compartments by separating adjacent biiayers due to charge repulsion resulting in 
increases in trapped volume. It should be pointed out that for hydrophobic dmgs. 
entrapment efficiency usually approaches 100% almost irrespective of liposomal type 
and composition. 

LamQliarity: The average number of biiayers present in liposomes can be found by 
freeze-fracture electron microscopy and ^ip-NMR, In the latter technique, the signals 
are recorded before and after the addition of nonpermeable broadening agent such as 
Mn2+. Manganese ions interact with the outer leaflet of the outermost bilayer. Thus, a 
50% reduction in NMR signal means that the liposome preparation is unilamellar and 
25% reduction in the intensity of the ohginal NMR signal means there are 2 biiayers in 
the liposomes^. 

Size and Size Distribrrtion! The average size and size distribution of liposomes are 
important parameters with respect to physical properties and biological fate of the 
liposomes and their entrapped substances. There are a number of methods used to 
determine this parameter, but the most commonly used methods are: 

a. Light Scattering: There are a variety of techniques available to size liposomes 
based on light scattering. The popularity of this method depends on its ease of 
operation and the speed by which one can obtain data The newer instruments are 
based on dynamic laser light scattering. 

If the liposomes to be analyzed were monodisperse, light scattering would be the 
method of choice; unfortunately, most preparations are heterogeneous, and they 
require an accurate estimation of their size-frequency distributions. Light scattering 
methods rely on algorithms to determine particle size distributions and the results 
obtsuned can be very misleading. Some complex algorithms have been developed in 
an attempt to deal with this problem. Furthermore, such methods can not distinguish 
between a large partide and a flocculated mass of smaller particles. Most importantly, 
it may is necessary to remove any micron-sized particles that are present in the 
sample prior to analysis. 

The drfficutty in interpreting particle size data can be demonstrated by taking a 
simple example of a dispersion comprised of 97% unilamellar vesicles with a radius of 
15 nm and 3% multilamellar vesicles with a radius three times greater (45 nm): 



Percent Particles 

Percent Surface Area 

Percent Total Volume 

True Statistical Average Radius 

Instrumental Average Radius 



15 nm PartirlflR 
97 
78 
54 



45 nm PnttjgjflR 



3 
22 
46 



15.9 nm 
25.3 nm 
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Thus. 3% of the particles comprise almost one-half the volume of liposomes. Of 
course, the same problem of data analysis occurs with other disperse systems such as 
emulsions and suspensions. 

b. Light Microscopy: This method can be used to examine the gross size 
distribution of large vesicle preparations such as MLVs. The inclusion of a fluorescent 
probe in the bilayer permits examination of liposomes under a fluorescent microscope 
and is a very convenient method to obtain an estimate of at least the upper end of the 
size distribution. 

NeQativft Rtain gler!tmn Minrn<:/^py- jhis method, Utilizing either molybdate or 
phosphotungstate as a stain is the method of choice for size distribution analysis of 
any size below 5 fim. It should be used to vaBdate light scattering data that will 
ultimately be used for quality assurance. For accurate statistical evaluation (±5%), one 
should count at least 400 particles and not rely on a single specimen for counting. 

Freezfl Fmcture Electron Microsnopy This method is espedalty useful for 
observing the morphological structure of liposomes. Since the fracture plane passes 
through vesicles that are randomly positioned in the frozen section, resulting in 
nonmidplane fractures, the observed profile diameter depends on the distance of the 
vesicle center from the plane of the fracture. Mathematical methods have been 
devised to correct for this effect. 

For ail of the microscopy procedures used, one should always be on the lookout for 
aggregated particles or floes. 

Application of Double Laver Theon^ to I ipnynrilBg' Once assembled, yposomes 
behave in much the same way as other charged colloidal partWes suspended in water 
or electrolyte solutions. Under conditions where the charge on each particle is weak, 
the electrostatic repulsive force among the partides is also weak, increasing the 
opportunity for close approach. Some neutral partkdes tend etther to fk>cculate or 
aggregate and sediment from suspension for this reason. Similarly, two populations of 
Wposomes bearing opposite electric charges will aggregate at a rate that is a function 
of the electrostatte attractive forces among the partides, Partides bearing net negative 
charges may be induced to aggregate strongly in the presence of di- or trivalent 
cations. For example, cakaum in the 1-2 mM range will induce liposomes containing 
more than 50 mole% PS to aggregate. These phenomena have dramatic effects on 
the physk:al stability of liposomes and lead to fusion of fiposomes with one another 
resulting in increases in their overall size. Uke aggregation, partide size growth, 
particularty during storage, wouW be undesirable in most products. Fortunately the 
tendency of liposomes to aggregate and fuse can be controlled by the indusion of 
small amounts of negatively charged lipkls such as PS or PG or positively charged 
amphiphiies such as stearylamine in the fomnulation. Knowing the number and the 
sign of changed groups add d and the valency and concentration of electrolytes in the 
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FIGURES 

Phospholipid gel to liquid crystalline phase transition. Source: Cullis, P. R. and Hope, 
M. J. (1985) "Physical Properties and Functional Roles of LifMds in Membranes", In 
Biochemistry of Lipids and Membranes Vance, D, E. and Vance, J. E., Ed.. The 
Benjamin/Cummings Publishing Co., California, p. 43. 



medium, the magnitude of the electrostatic forces generated by these charged groups 
can be closely approximated using double layer theory. These results can then be 
correlated with physical stability of liposomes and used to guide formulation efforts. 
The amount of charged component and ionic conditions in a particular liposome 
dosage form can be adjusted to produce a high enough zeta potential to inhibit close 
approach of the vesicles and prevent aggregation. In practice it is usually necessary 
to determine empirically the magnitude of the zeta potential required to prevent 
aggregation in a particular system. However, once this has been done, tt is possible to 
use the zeta potential as a quality control check to insure that each batch of liposomes 
contains suffident charged groups to avoid aggregation during storage. 

Phase Behavior of Uoosomas! An important feature of membrane lipids is the 
existence of a temperature-dependent reversible phase transition, where the 
hydrocart)on chains of the phospholipid undergo a transformation from an ortierad 
(gel) state to a more disordered fluid (Hquid crystalline) state. These changes have 
been documented by freeze-fracture electron microscopy but are most easily 
demonstrated by differential scanning calorimetry (DSC). Rg. 6 illustrates the phase 
transition region for a typical phospholipid. 
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TABLE 3 



Mp<S)m?s'^'*'°" °' ^'"^ synthetic phospholipids used to prepare 



UEn CHARQF 
Dilauryl Phosphatidylcholine o 
DimyristoyI Phosphatidylcholine o 
DipalmitoyI Phosphatidylcholine o 
DimyristoyI Phosphatidylethanolamine 0 
DistearoyI Phosphatidylcholine o 
DipalmitoyI Phosphatidylethanolamine 0 
DioleoyI Phosphatldylglycerol 
Dilaujyl Phosphatldylglycerol 
DimyristoyI Phosphatldylglycerol 
DipalmitoyI Phosphatidyig^cerol 
DistearoyI Phosphatldylglycerol 



0 
23 
41 
48 
58 
80 
-18 

4 
23 
41 
55 



The physical state of the bilayer profoundly affects the permeability, leakage rates 
and overall stability of the liposomes. The phase transition temperature (Tm) is a 
function of the phospholipid content of the bilayer. 

By proper admixture of bilayer forming materials, one may design Bposomes to 
"melt" at any reasonable temperature. This strategy has been used to deliver 
methotrexate to solid tumors which are heated to the phase transition temperature of 
the custom designed liposomal phospholipids. The phase transition temperature can 
be altered by using phospholipid mixtures or by adding sterols such as cholesterol. 
The Tm value can give good clues as to liposomal stabiRty and pernieabiRty and as to 
whether a dmg is entrapped in the bilayer or the aqueous compartment. 

Liposome pheparation Methods 

Multilamellar YftffiQiftfjfM I V) : Multilamellar vesicles are by far the most widely studied 
type of nposome and. as pointed out by Alec Bangham in 1974. exceptionally simple 
to maite. In general a mixture of flpids is deposited as a thin film on the bottom of a 
round-bottom flask by rotary evaporation under reduced pressure. MLVs form 
spontaneously when an excess volume of aqueous buffer is added to the dry lipid. 
However, in many cases MLVs have not been rigorously characterized with respect to 
size, polydispersity. number of lamellae, encapsulated volume and stability Due to 
their ease of production many investigators have simply made a preparation of MLVs 
for use in both in vitm and in vivo experiments without taking the time to fully 
characterize them. This has led to a great deal of confusion in the interpretation of 
expenmental results because, as will be explained below, minor changes in the 
method of preparation can lead to major differences in the behavior of liposomes 
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Slow VS. Fast Hydration. Thickness of the Lipid Rim: The time allowed for hydration 
and conditions of agitation are critical in determining the amount of the aqueous buffer 
(or dmg solution) entrapped within the int mal compartments of the MLV. For 
example, as pointed out by Szoka and PapahadjopoulosS, a similar lipid concentration 
can encapsulate 50% more of the aqueous buffer per mole of lipid when hydrated for 
20 hours with gentle shaking, compared to a hydration period of 2 hours with vigorous 
shaking, despite the fact that the two preparations exhibit a roughly similar particle size 
distribution. If hydration time is reduced to a few minutes with vortexing, a suspension 
will exhibit a still lower capture volume and a smaller mean diameter As pointed out 
by Bangham^ the hydration and entrapping process is most efficient when the film of 
dry lipid is kept thin. This means that different sized round-bottom flasks should be 
used for different quantities of lipid. Glass beads have been used by some 
investigators to increase the surface area available for film deposition. Thus the 
hydration time, method of suspension of the lipids and the thickness of the film can 
result in mari<edly different preparations of MLVs. in spite of identical lipid 
concentrations and compositions, and volume of the suspending aqueous phase. 

Effect of Charged Lipids : The presence of negatively charged lipids such PS, PA. PI or 
PG, or positively charged detergents such as stearylamine will tend to increase the 
interiameliar distance between successive bitayers in the MLV structure and thus lead 
to a greater overall entrapped volume. This is particulariy true in low ionic strength 
buffers or non-electrotytes (such as sucrose) since the electrostatic repulsive forces 
which give rise to the effect are greater under these conditions. Generally about 10-20 
mole percent of a charged species is used although tt is possible to produce MLVs 
from a purely charged lipid such as PS* The presence of charged lipids also reduces 
the likelihood of aggregation foltowing the formation of MLVs. 

Hvdration in the Presence of Sotvent: MLVs with high entrapment of solutes can be 
produced by hydrating the lipid in the presence of organic solvents. A method 
introduced by Papahadjopoulos^ begins with a two*pha$e system consisting of oqual 
volumes of petroleum ether containing bilayer forming Gpids and aqueous phase. The 
contents of the tube are emulsified by vigorous vortexing and the ether removed by 
passing a stream of nitrogen gas over the mixture* As the ether is removed in the 
carrier gas, MLVs iom in the aqueous phase. A similar method was reported by 
Gruner et a\J except that diethyl ether was used as the solvent, sonkxition was used in 
place of vortexing and the aqueous phase was reduced to a relatively small 
proportion. Typkxdty the lipids are dissolved in about 5 ml ether aruJ about 0.3 ml of 
the aqueous phase to be entrapped is added and the two phases are emulsified by 
sonication while a gentle stream of nitrogen gas is passed over the mixture. The 
resulting MLV preparation encapsulates up to 40% of the solvent throughout the 
hydration step, and the concentration of solute molecules is in equilibrium across all 
the bilayers, a feature that is claimed to translate into greater stability to leakage. 
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MLVS Formflfl Free Z B Pryinn SUV pimf^ioni : a simple method for preparing 
MLVs with high entrapment efficiency was developed by Ohsawa et al.fl and Wrby and 
Gregoriadiss. The aqueous phase containing the molecules to be encapsulated is 
mixed with a preformed suspension of SUVs and the mixture freeze dried by 
conventional means. Urge MLVs are formed when the dry lipid is rehydrated. usually 
with a small volume of distilled water. Encapsulation effidendes up to 40% have been 
reported for this method. 

Small Unilamftl|nrVgSifflftfff,S!!V) : The dassical methods of dispersing phospholipids 
in water to form optically clear suspensions with a partlde weight of about 2x108 
daltons involve various mechanical means and began with the sonication method 
reported in the mid SO'sio followed by refinements introduced by Hamilton and his 
colleagues" and Barenholzi2 in the mid 70's who employed a high pressure device to 
produce the same effect in larger volumes. These types of SUV dispersions have 
been rigorously characterized by Huangis and others and shown to consist of rather 
uniform closed bilayer vesicles of about 25-50 nm diameter. Solvent injection 
methods have also been devised to produce SUVs. These typically involve the slow 
injection of a fipid solution in either ethanol or ether into warm water containing a drug 
or other mariner to be entrapped. All of these methods are discussed in greater detail 
below. 

^"'gi^^ft^ ^IIYff : The preparation of sonicated SUVs has been reviewed in detail by 
Banghami4 Briefly, the usual MLV preparation is subsequently sonicated either wtth 
a bath type sonicator or a probe sonicator under an inert atmosphere (usualV nitrogen 
or argon). Although probe sonication leads to more rapid size reduction of the MLVs 
degradation of Opids, metal partide shedding from the probe tip and aerosol 
generation can present problems. Bath type sonicators also have disadvantages 
(such as the need to pay greater attention to position of the tube and water level in the 
bath) but temperature can be accurately regulated. Also, the tube containing the 
spedmen is sealed allowing for aseptic operations and little DkeOhood of personnel 
exposure to aerosols. 

Fjgnch Prftfffiiirf^ Dispersions of MLVs can be converted to SUVs by passage 
through a small orifice under high pressure. A French Pressure Cell was used by 
Hamitton et al.i5 for this purpose. MLV dispersions are pteced in the Frend, Press and 
extmded at about 20.000 psi at 4»C. One pass through the cell produces a 
heterogeneous population of vesicles ranging from several microns in diameter to 
SUV size. Multiple extmsions results in a progressive decrease in the mean partide 
diameter. Following about 4-5 passes, about 95% of the vesides have converted to 
SUVs as judged by size exdusion chromatography. The resulting vesicles are 
somewhat larger than sonicated SUVs ranging in size from 315-500 A. The method is 
simple, reprodudble and nondestroctive. However, temperature control is difficult (the 
pressure cell must be allowed to cool between extrosions or the temperature rise may 
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damage the lipids) and the working volumes are relatively small (about 50 ml 
maximum). 

Solvent InlQction Method 

a. Ether Infusion! A method introduced by Deamer and Bangham in 1976^6 
provides a means of making SUVs by slowly introducing a solution of lipids dissolved 
in diethyl ether (or ether/methanol mixtures) into warm water. Typically the lipid 
mixture is injected into an aqueous solution of the material to be encapsulated (using 
a syringe-type infusion pump) at 55-65°C or under reduced pressure. Subsequent 
removal of residua! ether under vacuum leads to the formation of single layer vesicles. 
Depending on the condition used, the diameters of the resulting vesicles ranges from 
50-200 nm. The usual lipid concentration is about 2 mg/ml ether and about 2 ml of this 
solution are infused into 4 ml of the aqueous phase at a rate of 0.2 ml/min. at 50-60* C. 

b, Ethanol Injection: An alternative method for producing SUVs that avoids both 
sonication and exposure to high pressure is the ethanol injection technkjue described 
by Batzri and Kom^^. Lipids dissolved in ethanol are rapidly injected into a v^ 
excess of buffer solution forming SUVs spontaneously. The procedure is simple, rapid 
and avoids exposure of both lipids and thjs material to be entrapped to harsh 
conditions. Unfortunately, the method is restricted to the production of relatively dilute 
SUV suspensions. The final concentration of ethanol cannot exceed about 10% by 
volume or the SUVs will not form. Removal of residual ethanol can also present a 
problem since ethanol forms an azeotrope with water which is difficult to remove under 
vacuum or by distillation. Various available ultrafiltration apparatus may be used to 
both concentrate the suspension and remove ethanol, however, these procedures 
tend to be slow and expensive to scale up. Another limitation of the method is related 
to the susceptibility of various biotogically active macromolecules to inactivation in the 
presence of even low amounts of ethanol. 

Large Unilamellar Vesicles <LUV) and IntermedfatQ Si7ft d Unilamellar Vesiclfts - Urge 
unilamellar vesicles provide a number of important advantages as compared to MLVs 
including high encapsulation of water soluble drugs, economy of lipkJ and 
reproducible drug release rates. However, LUVs are pertiaps the most difficult type of 
liposome to produce. "Large" in the context of Gposomes usually means any structure 
larger than 100 nm; thus large unilamellar vesicles refers to vesides bounded by a 
single bllayer membrane that are above 100 nm in diameter. Some authors have 
refen-ed to liposomes between the sizes of 50-100 nm as "large* but these would be 
more appropriately called intenmediate sized. Two primary methods are used to 
produce LUVs. one involving detergent dialysis, the other a sophisticated reverse 
emulsification technique. Intermediate sized single layered vesicles can be generated 
from MLV dispersions by sequential extmsion through small pore size polycartx)nate 
membranes under high pressure. A number of other techniques for producing LUVs 
have been reported including freeze thawing, slow swelling in noneiectrolytes. 
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dehydration followed by rehydration and dilution or dialysis of (ioids in th« .ra 
chaotropic ions. Each of these methods is reviewed beC '^"""^ 

L UVS FormPd t>Y Pfltftmftnf Rpmoyjil : An essentially different annm^^h . 

dispersions of phospholipid/detergent mixed micelles A« tho mJ 

d«e,g« In a ft,„ tough dialysis cell. CI^^ f™* "^^^ 
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ratio of deownolala to ptiosplioiipid of 12 ILZT™ ^ * ' """" 

vesicles. '"auiiy separated from small sonicated 

a filQdjaadsUl: Another promising method for formino reeon<s«t.,»^ 
reported by Gerritsen et al.2t „ay also be appllcabtetrLuJT ^ 
involves .e ^mov. of a ncnionll dete^e^^tntl ool'^^^"' 

'"-^ on the abiHty of Bio-beads 
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The beads are removed by filtration. The final particie size is determined by the 
conditions used including lipid composition, buffer composition, temperature and. most 
critically, the amount and activity of the beads themselves. 

Rgygrsg Phfiftfl Evapomtinn Trehniqug (REYV LUVs can also be prepared by forming 
a water-in-oil emulsion of phospholipids and buffer in excess organic phase followed 
by removal of the organic phase under reduced pressure (the so called "Reverse 
Phase Evaporation or REV method). The two phases are usually emulsified by 
sonication but other mechanical means have also been used. Removal of the organic 
solvent under vacuum causes the phospholipid-coated droplets of water to coalesce 
and eventually form a viscous gel. Removal of the final traces of solvent results in the 
collapse of the gel into a smooth suspension of LUVs. With some lipid compositions 
the transition from emulsion to LUV suspension is so rapid that the intemiediate gel 
phase appears not to form. The method which was pioneered by Szoka and 
Papahadjopoulos in 1978^2 has been used extensively for applications which require 
high encapsulation of a water soluble drug. Entrapment effldencies up to 65% can be 
obtained with this method. The phospholipids are first dissolved in an organic solvent 
such as diethytether, isopropylether or mixtures of two solvents such as isopropylether 
and chloroform. The emulsification is most easily accomplished when the density of 
the organic phase matches that of the buffer (i.e., about 1 ). For this reason, ether 
(density of about 0.7) is often mixed with a solvent of higher density such as 
trichlorotrifluoroethane (density of 1 .4) to produce a solvent system with a density 
close to water The aqueous phase containing the material to be entrapped is added 
directly to the phospholipid-solvent mixture. The ratio of aqueous phase to organic 
phase is usually about 1 ;3 for ether and 1 :6 for isopropylether-chlorofomi mixtures. 
Preparations using even greater proportions of organic phase have been reported. 
The two phases are emulsified by sonication for a few minutes and the organic phase 
removed slowly under a partial vacuum produced by a water aspirator on a rotary 
evaporator at 20-30*' C. The vacuum is usually maintained at about 500 microns for 
the first few minutes (using a nitrogen gas bleed to lower the vacuum and a gauge fo 
measure the vacuum) and then raised cautiously to fill the aspirator vacuum to prevent 
the ether from evaporating too quickly. A typical preparation contains 60 ^Imol lipid 
dissolved in 3 ml ether and 1 ml aqueous phase contained in a sealed screw cap tube. 
The mixture is sonicated in a bath type sonlcator for about 5 minutes or until a 
homogeneous emulsion is formed. For a quick check to determine if emulsiffcation is 
complete, one can interrupt sontoation and allow the tube to stand for about a minute. 
If a clear layer of ether Is observed over the aqueous phase, sontoation should be 
continued for an additional period Maximal encapsulation (65%) is obtained when 
the ionte strength of the aqueous phase is low. The method has been used to 
encapsulate both small and large molecules, Biotogically acUve macrornolecules 
such as RNA and various enzymes have been encapsulated without loss of activity. 
The principal disadvantage of the method is the exposure of the material to be 
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b. Removal of Chaotropic Ions : Oku and MacDonald^s developed a method of 
forming giant single lamellar vesicles with diameters in the range of 10-20 microns by 
removal of sodium trichloroacetate by dialysis or dilution from a solution containing 
egg phospholipids and molar concentrations of sodium trichloroacetate. The yield of 
giant vesicles was critically dependent on the starting concentration of the chaotropic 
ion and temperature. Inclusion of a freeze thaw step reduced the required 
concentration of trichloroacetate to about 0.1 M. The giant liposomes apparently were 
formed from concentrations of the ion which induced the transformation of 
phospholipids from the lamellar phase to the micellar phase. Other chaotropic ions 
were also shown to be effective, including urea guanidine-HCL 

c. Freezfl/Thaw : A method for the reconstitution of membrane proteins based on 
rapid freezing of sonicated phospholipid mixtures followed by thawing and brief 
sonication was originally described by Kasahara and Hinkie^, In 1981. Pick27 
reported that vesicles formed by this simple procedure exhibited specific trapping 
volumes of up to 10 per jtmole lipid with encapsulation efffciencies of 20-30%. 
Formation of large liposomes by this technique probably results from the fusioa of 
small vesicles during freezing and/or thawing of the suspension of small vesicles. This 
type of fusion is strongly inhibited by increasing the ionic strength of the medium, e.g.. 
adding sucrose, and by increasing the lipid concentration. For an unexplained 
reason, pure phosphatidylcholine vesicles do not appear to be good candidates for 
this type of fusion induced growth, however. Ohu and MacDonakP^ have shown that 
freeze/thawing of SUVs prepared in high concentrations of alkali metal chlorides also 
resuKs in the formation of giant single layered Oposomes. The method involves the 
formation of fully hydrated small vesicles in dilute buffer by sonication followed by 
freeze/thawing in the presence of high concentrations of the electrolyte of interest in 
order to induce equilibration of the electrolyte across the bilayer membranes of the 
small vesicles. In the final step of the process the electrolyte concentration is reduced 
by dialysis against dilute buffer. This resultl^n the influx of w^er into the small 
vesicles (driven by the osmotic imbalance) causing them to swell and fuse into giant 
vesicles. The method is rather involved and not easily scaled up. 

Dehvdration/RQhvdration of SUVs: Large unilamellar and oBgolamellar vesicles 
with high entrapment effidendes have been fomied by a dever method reported 
recently by Shew and Deamer29. in this method, sonkated veskdes are mixed in an 
aqueous solution with the sokite desired to be encapsulated and the mixture dried 
under a stream of nitrogen. As the sample is dehydrated, the small vesides fuse to 
form a multilamellar film that effectively sandwiches the solute molecules between 
successive layers. Upon rehydration, targe vesicles are produced which have 
encapsulated a significant proportion of the solute. The optimal mass ratio of lipid to 
solute was reported to be approximately 1 2 to 1 :3, This method has potential 
application to large scale production since it depends only on controlled drying and 
rehydration processes and does not require extensive use of organic solvents, 
detergents, or dialysis systems. 
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buffer and fractions are collected. Large liposomes appear in the void volume while 
SUV size liposomes elute with the included volume. Larger pore size 
chromatographic media have been used in a similar fashion to fractionate populations 
of larger particles. In general, however, such chromatographic separations are quite 
limited in terms of volumes and throughput, must be canied out in batches and result 
in significant dilution of the product. 

2. Homo^enization: In those cases where a fairiy small particle size is desirable, 
homogenization has proven to be useful approach. In mudi the same way as milk is 
homogenized, the average particle size and polydispersity of vesicle dispersions can 
be reduced by passage through a high pressure homogenizer. One such devise 
marketed by the Biological Devetopment Corporation under the trade name 
Microfluidizer™ has been shown by Mayhew and his colleagues^^ to generate 
vesicles in the 50-200 nm size range. Such homogenizers are amenable to scale up» 
and throughput rates are high. As with other high pressure devices, however, heat 
regulation can sometimes present problems, and the shear forces developed within 
the reaction chamber can lead to partial degradation of the lipids. Another 
disadvantage relates to the empirical observation that conditions designed to produce 
approximately 200 nm particles often results in a bimodal distribution, with the bulk of 
the vesicles in the desired size range contaminated by a significant proportion of very 
small vesicles (less than 50 nm) 

3. Caoiliarv Pore MembranQ gytrtisinn! A technique that has gained widespread 
acceptance for the production of liposomes of defined size and narrow size 
distribution, introduced by Olson et zi.^^ in 1979, involves the extmsion of a 
heterogeneous population of fairly large liposomes through polycart>onate 
membranes under moderate pressures (100-250 psi). Such membranes have uniform 
straight-through capillary pores of defined size and polycart)onate does not bind 
liposomes containing charged species. This simple technique can reduce a 
heterogeneous population of MLVs or REVs to a more homogeneous suspension of 
vesicles exhibiting a mean particle size which approaches that of the pores through 
which they were extaided. MLVs with a mean diameter of 260 nm can be obtained 
following a single extrusion through 200 nm pore size polycartx)nate membranes; 
75% of the encapsulated volume resides in vesicles between 170 and 370 nm (as 
measured by negative stain electron microscopy). Upon additional extoisions through 
the same pore size membrane the average size is reduced further finally approaching 
about 190 nm with greater than 85% of the particles in the 170-210 nm range. 
Compared to SUV preparations this still represents a rather broad distribution of 
vesicle sizes, but compared to the original MLV population which ranges in size from 
about 500 nm to several microns, it represents a considerable reduction of both 
average particle size and polydispersity. In practice it is sometimes preferable t 
extrude sequentially through membranes of decreasing pore dianrwter. For example, 
a concentrated dispersion of MLVs may be difficult to extrude directly thrxxjgh a 200 
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nm pore size mambran under norma/ operating pressures (about 90 psi) it is 
advisable to begin the process by extmsion through a 0.8. 0.6, 0.4 and finally 0 2 
micron pore sizes. Alternatively, it is possible to use higher pressures to extrude 
concentrated dispersions through the smaller pore size membranes directly A soedal 
h^h pressure filter holder is required, however, since operating pressures may Sch 
250 psi. One such devise is available commercially under the trade name LUVET~ 

Ich ^rrTT' *° '° "^"'PP^ ^""^ ^ '"^'^^^^^ '"danism 

Which permits multiple extoision wfth little difficulty. 

Stability of Liposomes 

The stability of any pharmaceutical product is usually defined as the capacity of the 

fZlla^Tr ^ Predetem^ined period of time (shelf-life 

of W^product). The first step in designing any type of stability testing program is to 
^ TrJ""'" establishing parameters defined in temis of chemical stability 
Physical stability and microbial stability. Next, methods must be established to 
ZTl^^ parameters. One must treat liposomal drug deliveiy systems in 

he^ way as the more traditional phamiaceutical dosage fomTs are treated with 
respect to the establishment of dearly defined protocols for their characterization 

1 . There are very few published reports on long-temi stability studies of 
liposomes. 

2. There are no published reports on the estabflshment of detailed protocols for 
stability testing. 

3. There are no published reports on the establishment of protocols for 
accelerated stability testing. 

4. MLVs and REVS appear to be more stable than SUVs (with respect to 
leakage on storage). 

5. Use of saturated phospholipids and incorporation of cholesterol Into the- 
DMayer generally improves stability. 

6. Liposomes stored at 4-C. at times, appear to be more stable than Bposomes 
Stored at room temperature. 

Ad^Sf^^' Chemically, phospholipids are susceptible to hydrolysis. 
^^ol^M.l°Tr''^ ""^"'"^ ^ undergo oxidative 

«^dIL ' °" "'^^"'"^ ""^^ the litelre can be 

con«dered suspect due to the use of phosphoBpids containing significanTlorms of 
oxKiation and hydrolysis products. These reacUon products ^n^sTS^^c 
ch^s In the permeawnty properties of Kposomes Pr^parS^eT^uT^e a 
sonK^ton) or storage conditions (e.g.. exposure to differem^ valu^n " 
decomposition rate of the liposomailipids. '^"es; can affect the 
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a. Lipid Peroxidatipp : Most of the phospholipid fiposomai dispersions used 
contain unsaturated acyl chains as part of the molecular structure. These chains are 
vulnerable to oxidative degradation (lipid peroxidation). The oxidation reactions can 
occur during preparation, storage or actual use. Oxidative deterioration of lipids is a 
complex process involving free radical generation and results in the formation of cyclic 
peroxides and hydroperoxides. 

Most of the procedures used to measure lipid peroxidation are nonspecific and are 
either based on the disappearance of unsaturated fatty acids (determined by lipid 
extraction techniques followed by GLC analysis) or the appearance of conjugated 
dienes. The latter technique is now widely used since oxidation is accompanied by 
increased UV absorption in the 230-260 nm range. If unsaturated phospholipids are 
used to prepare liposomes, and no special precautions are used to minimize 
oxidation, the reaction will occur readily. Oxidation of the phospholipids may be 
minimized by a number of ways: 

1. Minimum use of unsaturated phospholipids (if appropnate). 

2. Use of argon or nitrogen to minimize exposure to O2 . 

3. Use of light resistant containers. 

4. Removal of heavy metals (EDTA). 

5. Use of antioxidants such as a-tocopherol or BHT. 

b. LiDid Hydrolysisr The most important degradation product resulting from lecithin 
hydrolysis is (yso-lecithin (lyso-PC). which results from hydrolysis of the ester bond at 
the Co position of the glycerol moiety. Many workers choose the formation of lyso-PC 
as a standard measure for the chemical stability of phospholipids since the presence 
of lyso-PC in lipid bilayers greatly enhances the pemneability of liposomes. It Is 
therefore extremely important that the formation of lyso-PC be kept to a minimum 
during storage. Lyso-PC is usually analyzed by phospholipM extraction followed by 
separation of PC and lyso-PC by TLC. The spots are then usually scraped and 
assayed for total phosphorous content. 

Afthpugh factors such as sonicaiion couW affect the degree of lyso-PC formation; 
probably the single most important method of minimizing this problem is by the proper 
sourdng of the phospholipkJs to be used. They shouW be essentially free of any lyso- 
PC to start with and, of course, be free of any fipases. 

c Miscellaneous Chemteal Stabilitv Concpms! One must not ignore the fact that 
the other bilayer lipids whkrfi may be present can also decompose. For example, 
cholesterol, in aqueous dispersion, has been shown to oxicfize rapWIy when 
unprotected. Finally, the drug itself must be considered. The stabifity profile of the 
"free" drug may be quite cSfferent from its profile in the encapsulated state. In fact, a 
number of strategies have been developed which are based on protecting the drug 
from biological environments by encapsulating them in liposomes. Examples include 
the protection of insulin from proteolytk: enzymes of the gastrointestinal tract and the 
protongation of ester hydrolysis of prodrugs (e.g.. cortisone hexadecahoate) after 
intramuscular administration. 
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Stability Testing (General Considerations) 

Stability testing of liquid disperse systems is one of the most difficult problems 
faced by fomiulation chemists. The scientist is often asked to predict the shelf-life of a 
product or choose between experimental formulations based on estimates of how well 
they will hold up with time. There are no standardized tests available to detemiine 
physical stability, and quite often there is no certainty of what type of stability is being 
mvestigated. The first order of priority for solving stability problems of disperse 
systems is to define clearly the type or types of stability of concern. Categorizing 
stability as either physical or chemical is not sufficient. The various groups that are 
concerned with the product (product development, production, analytical, marketing 
etc.) must have a clear and precise reference frame of stability. 

An understanding of the factors that lead to stability problems can help determine 
which methods of testing are most likely to yield information applicable to the 
estimation of the product's shelf-life. Stability tests commonly stress the system to 
limrts beyond those which the product will ever encounter. Typical examples of stress 
tests include exposure of the product to high temperatures and large gravitational 
forces. It is important to understand whether these tests are being perfomied because 
the product is expected to encounter these condHions or because, even though these 
conditions will never be approached, the results will help predict sheK-life at more 
moderate conditions. 

High temperature testing (>25»C) is almost universally used for heterogeneous 
products. Various laboratories store their products at temperatures ranging from 4»C 
(refrigerator temperature) to SO'C (or perhaps even higher). The temperatures used in 
heat.cool cycHng are also quite varied, often without regart for the nature of the 
product What will the increase in temperature likely do to the properties of the 
systems under study? 

For liposomes, higher temperatures may dramatically alter the nature of the 
mterfadal film, especially if the phase transition temperature is reached. If one expects 
ttie product to be exposed to a temperature of 45»C for an extended period of time or 
for short durations, (shippingand warehouse storage), studies at 45-50-C. (long temi 
and heat-cool cycling), are quite justified. A study of a pmduct at these temperatures 
detemimes: (1 ) How is the product hokling up at this higher temperature, and: (2) is 
he damage reversible or irreversible when the pmduct is brought back to room 
temperature? If temperatures higher than the system will ever encounter are used 
even m short-tem, heat-cool cycling, there is a risk of irreversibly damaging the ' 
Wayers so that when it is brought back to room temperature, the membrane can not 

If a Hposomal dispersion is partially frozen and then thawed, ice crystals nucleate 
and grow at the expense of water. The liposomes may then be pressed together 
against the ice crystals under great pressure. If the ciystal grows to a size greater than 
he vod spaces, instability is more likely. That is why a stower rate of cooling, resulting 
m larger ice crystals, produces greater instability. Polymers may retard ice crystal 
growth. ' 
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van Bommel and Crammelin^^ showod that even one freeze-thaw cycle causes 
almost complete rapid leakage of caftx)xyfluorescein from liposomes (REVs) prepared 
from unsaturated phospholipids (even when cholesterol is added). However, 
liposomes composed of 

distearoylphosphatidylcholine/dipalmitoylphosphatidylglycerol/cholesterol show 
slightly better freeze-thaw stability. 

Stability testing protocols should be developed for liposomal products on a 
case-by-case basis. A typical protocol for a product which would be shipped in 
vehicles not equipped with climate control and stored In warehouses for prolonged 
periods under similar conditions might include testing under the following conditions: 

1. One month at the highest temperature likely to be encountered. 

2. One month at lowest temperature likely to be encountered. 

3. 12-24 months at room temperature. 

4. 12-24 months at various light intensities. 

5. Two to three "freeze-thaw" cydes (-20**C to 25**C). 

6. Six to eight "heat-cool" cydes (5*C to 45*^0, 48 hours at each temperature). 

7. 24-48 hours on a redprocating shaker at 60 cycles/min (estimates 
transportation conditions). 

One shouW be certain that studies are perfomned using all types and sizes of 
containers. Under each of the test conditions, the foltowing data can be collected: 

1. Visual and microscopk: observations, e.g., fkxxxilation. 

2. Partide size profiles. 

3. Rheological profiles. 

4. Chemical stability. 

5. Extent of leakage. 

Freeze Drying (Lyophilization) of Liposomes 

Freeze drying involves the removal of water from products in the frozen state at- 
extremely low pressures. The process is generally used to dry products that are 
thermolabile and would be destroyed by heat-drying, 

Lyophilization has great potential as a method to solve long-term stability problems 
with respect to liposomal stability. Intuitively, one wouW suspect that liposomes 
containing drugs entrapped in their bilayers wouW be better candklates for 
lyophilization than liposomes containing daigs entrapped in their aqueous 
compartments since the lyophilization procedure would be expected to cause some 
bilayer (fisruption and subsequent leakage. 

Various studies have shown that water-soluble mariners such as carboxyfiuorescein 
do not survive freeze drying in that even under the best of drcumstances (use of 
saturated lipids and incorporation of cryoprotectants), a significant portion of the marker 
is lost on reconstitution. On the oth r hand, liposomes can retain >90% of lipid-soluble 
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drugs such as doxorubicin on reconstitution. The amount retained d«o«„Hc 
0. c^oprotectants. il^d compo^ion. liposome type and LX^T " 
if the leaked out drug is removed and the preparation frozen far c«v,„w « 
essentially 100% of the drug is recoverable on r«^Ztton T.^^ f'" 
original loss represents the portion of the dmg " 



STABILITY OF UPOSOMES IN BIOLOGICAL FLUIDS 

« arug. "-actore that affect the pharmacokinetics of parenteral linn««mo 
administration include: paremerai liposome 

a. Concentration of free drug in blood; 

b. Concentration of liposomes and their entrapped dnjg in blood- 

c. Leakage rate of dmg from the liposome in the blood 

d. Disposition of the intact dnjg-canying liposomes in the blood. 
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UoosomQ Stability in Blo od and Plasma: Ttie inability of liposomes to retain 
entrapped substances when incubated with blood or plasma has been known for 
about a decade. The fact that high molecular weight substances such as inulin and 
even albumin leak out on incubation with plasma suggests that more than supertidat 
damage is being done to the liposomes even though their gross morphology appears 
unchanged. The instability of liposomes in plasma appears to be the result of the 
transfer of bilayer lipids to albumin and high density lipoproteins (HOL). Additionally. 

some of the protein is transferred from the lipoprotein to the liposome. Both lecithin f" 

and cholesterol also exchange with the membranes of red blood cells. Liposomes are 
most susceptible to HDL attack at their gel to liquid crystalline phase transition 
temperature. It is therefore worthwhile to determine by DSC whether the formulation 
* has a phase transition temperature close to ay^'C. 

The susceptibility of liposomal phospholipid to lipoprotein and phospholrpase 
attack is strongly dependent on liposome size and type. Generally MLVs are most 
stable since only a portion of the phospholipid is exposed to attack and SUVs are the 
least stable because of the stresses imposed by their curvature. Liposomes prepared 
with higher chain length phospholipids are most stable both in buffer and in plasma 
Incorporation of charged lipid into the bilayer decreases stability in plasma even when 
cholesterol is included to bring the liposomes to the get state. Cholesterol and 
sphingomyelin are generally very effective in reducing the instability of fiposomes in 
contact with plasma, tt is believed that the primary reason for this effect is not the 
increased bilayer tightness produced by cholesterol but the prevention of transfer of 
phospholipid to the plasma lipoprotein and red blood cell membrane. The following 
table shows that liposomal stability in plasma increases as the ratio of cholesterol in 
the liposome increases: 





TABLE 4 

Release of Solutes From SUVs in the Presence of Plasma. 



Source: Mrby, C. and Gregorladis, G. (1981) Biochem. J., 199, 251-254. 
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, t-'POSOmft .StflhilftY in thg fifl^infft<itinfll Tmrf : Although about 50 papers have 
been published on the oral administration of liposomally encapsulated dTs 
espedaliy insulin, very little effort has been made to crfticaily assess stabi% of 
hposonies .n the environment of the gastrointestinal tract. Rowland and Woodley3s 

unZ T °' '^"""'^""^ '^^^ "^'^ ^ are qurtV 

unstable to the g.i. environment (low pH. bile and/or phospholipase). Even 

distearoylphosphatidylcholine/cholesterol liposomes are very unstable in the 

gastrcntesanal tract and that Bposomally encapsulated and free drug give about the 

same pharmacokinetics when administered by the oral route to rats (F,g 7) 



Summary 



r..2 o °* ^ ^ delivery system is fast becoming a 

rea^. One must bear in mind that only in the last five years or so have reHllJ 
made .n trans^ing progress from unive,^ .aboratohes into pharrnare^^r 
acceptable dosage fomis. Pham^aceutical scientists collabor^ng w«h p^« 
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engineers have been able to produce large volumes of sterile, pyrogen-free fiposomes 
with acceptable shelf-lives. With cun'ent emphasis on increasing therapeutic indices 
of drugs, it appears quite likely that these biocompatible, biodegradable vehicles will 
receive increased attention from the pharmaceutical industry. 

As of this printing, more than 10 companies plan to or have applied to the Food and 
Drug Administration for approval to test approximately 20 liposomaJly-entrapped drug 
entities. These dmgs include anticancer and antifungal agents as well as drugs to 
combat arthritis, glaucoma and dry eye. 

Within a short period of time one might expect to see a broad range of liposomal 
products in various stages of clinical testing. The most promising appear to be 
liposomal products spectficaify formulated to facilitate: 

a Site Soecific DeljvQry: Particular emphasis is placed on disease states involving 
the RES. Examples Include aritimonial compounds for parasitic disease, 
immunomodulation using macrophage activating agents and antiviral treatment using 
ribavirin. 

t). Site Avoidance Delivery: The most promising examples are liposomal 
doxonjbicin (reduced cardiotoxicity) and liposomal amphotericin B (reduced 
nephrotoxicity). 

c. Sustained or Controlled Rfilease: Examples include inhalation of 
bronchodilators, ocular delivery of antibiotics, intramuscular delivery of peptides and 
topical delivery of a variety of drugs, 
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